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AM hoil Iq the oee in fhe "wild blue jronder" . . . buf ief’i give with 
mon-sized theers for the lads who dug it out at fii7/-fop level. From the tr 
they take off. . . till the mlaion it complefed, Ihue tfrafogic fighfer bomb«r< 
and Focficoi dose support pilots face a brutol blotting ali ofong the way. 
>■>->■ Sniped at by small arms end machine guns . . . bracketed by flab 
with the eenitonf hazard of limping home horasted by enemy aircraft 
, . . Ihete are the stout warriors for whom we've pfonned Republic'! rugged 
rHUNDfR-croft ... to get them there .. .do the job, and bring them bode. 
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THE 


MHHLllHES . . . 


the teamwork of 
rs, component and parts 

manufacturers, materials suppliers. Armed Forces, 
tran.s])ort operators, and business and private fliers. 

This is rjuile a team, and as long as it continues to funclinn 
as it has, America will continue to build — and fly — the 
world's liest airplanes. 

Air Associates is proud to he a member of this team 
sen’ing aviation in these phases — 

AfRCRAFT PRODUCTS - Unusually Hexibie engineering 
of electrical, mechanical, hydraulic, and pneunialie 


EUCTRONfC EQUIPMENT- Design and fabrication of complete 
electronic controls, communication receivers and transmitters. 

liandsels lo assemblie.s weighing more than 1,000 pounds. 
AVIATION SUPPIIES - Merciiandising and distribution of 
more than 2,000 different kinds of aviation materials 
and supplies made by leading manufacturers. 




We've been a major jiarl of tlie aviation industry for over 
25 years, and we expect lo continue and improve this record. 
Air ,4j.roc(aIes. Incorporated. Teterboro. A'ew Jersey. 


a. 


Monufocfvrers and Disiribulors of A 




i«SCDCIA»S, fJtfC. 
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From the moment an airliner's propellers bite the air — 

to the time hours later when their thundering engines are cut. 

oil lights a constant battle against damaging heat and friction. An engine's 

performance is only as reliable as ihe oil ihai lubricates it. 

To maintain their reputation for dependability, the top airlines in the nation 
specify the very best in Aircraft Oils. Today, more than 45% of the oil 
used by major scheduled airlines in the U. S. is supplied by Sinclair. 

There is no better proof of dependability. 


SINCLAIR AIRCRAFT OILS 

Sinclair Refining Company, Aviation Sales 
600 Fifth Avenue, New York 20. N.Y. 



Thili lll^lruIl)ent Corporation of America 
plain contains the most modern and 
complete facilities available anywhere in 
the world for the exclusive prodiietirfn 
of Miiiioture Slip-Ring and Commutator 
Assemblies to precision standards. It is 
now in full scale production to meet vour 
requirements in llie fastest possible 
lime at the lowest possible cost, 

COMPLETB ENISINEEKINe AND 
PRODUCTION FACILITIES AVAILABLE 

Our assemblies can be supplied 
at low cost. Quality is the highest in 
the industry. Dimcneional accuracy 
and other characteristics are 
excellent and these units arc 
highly recommended for 
instruments such us synchros, etc. 


Wherever extreme dimensional 

and liigli dielectric qualities arc 
required, the electro-deposition 
method i.s recommcniicii . . . 
the production of which is 
licensed under an exclusive 


SLANT 


requirements to 

INSTRUMENT CORP. 
OF AMERICA 

lor miniature 



Monsanto Fire-Resistant Hydraulic Fluid 
Specified For All DC-7’$ On Initial Orders 


Planes for Ahebican, Delta-C&S, National and 
United will carry Skydrol in either the hydraulic 
system or cabin supercharger transmission, or both. 

Skydrol ia now being used by 18 major airlinee. Here 
are the reaaona for this wide and growing acceptance: 
SKYDROL ia fire-resistant . . . the only such fluid 
which cjin be used in both cabin supercharger 
transmission and hydraulic system, as well as 
oleo struts. 

SKYDROL has double the lubtici^ of conven- 
tional hydraulic fluids. 

SKYDROL extends the service life of hydraulic 
components, cuts maintenance costs. 

noncorrosive . . . stable 
teratures and pressures. 

Krg U. 8. Pal. OH. 





SKYDROL is nontoxic . . . 
at required operating temi 


swae i<Hisin...i 








AXEL-SON AIRCKAIT COMPONEt 


pinne struciurnl 


precision aircraft prodi 


If you have a production problem invoIvinR the foregoing* 
personal inspection of our facilities. Get b 


invite your inquiry and 


\ELS01\l Manufacturing Company 






A World Leader In Engine And Aircraft Rebuilding 



Pacific Airmotive Corp. Specializes In Aircraft Engine 
& Accessory Overhaul> Maintenance And Repair* 

Whatever your private aircraft needs .. .overhaul, repair or mainte* 
nance...you can be certain of the best at Pacific Airmotive (Eastern 
Division, Linden, N. J., pictured). Pacific Airmotive's rigid rules for ac- 
curacy and specifications meet and even exceed the requirements of 
government and military agencies. 

P.A.C maintains a complete shop for the overhaul of engine acces- 
sories. The fuel flow test bench shown obove, and the forge end 
welding shop shown at left, are typical of Pacific Airmotive's complete 
facilities. You can be sure your airplane will be expertly overhauled, 
repaired or serviced at Pacific Airmotive ... the finest for technicians 
and facilities, and serving the very finest aviation petroleum products — 
Cities Service Aviation Produefs- 


CITIES SERVICE 



AVIATION PRODUCTS 

New York • Chicago • In the South: Arkansas Fuel Co., Inc. 



This casting must accept responsibiiity 



-RADIOGRAPHY SAYS IT CAN 


W itKR?; this ’casting goes, strains arc measured 
in G’s, speeds in maclis, and altitudes in tens 
of thousands of feet. And the iiBstrunient of whicli 
it’s a part must lie .sturdy and de|X'iidablc to help 
guard tile safety of a castly craft and liunian life. 

So to bo certain this part— tcigetlier with otlicr 
parts— i.s sound, it is radiogra))hed. N'o flaw.? can 
Up hidden to causi' failure— or to coii-sume cn.stly 
machining time before bidiig discovcri'd. 

Radiographing castings i.s becoming routine in 


more and more progrc.ssivc foundries. It lets them 
know that only high-(|iiality castings arc released. 
It freciueiitly shows how casting method.s can be 
changed to increase yield in jiroduction runs. 

You can find out how radiography can improve 
operations in your jilant by talking it over with an 
x-ray dealer. Anil wcTl be glad to wnd you a freo 
copy of “Radiography -\s .A l''onndry Tool.’’ 
Eastman Kodak Company • X-ray Division 
Rochester 4, N. Y. 


Radiography . . . 

another important function of photography 








AUTO M A TIC 



Aircraft Confrok 


contribute constantly to comfort of occupants and the precision 
operation of leading military, commercial and executive aircraft 


Back in the early thirlirs . , . when Barlier-Colman 
Company made its first control equipment for air- 
craft ... the nation's most important aviolipn era 
was just in the making!, 

That was the beginning of the great developments 
we know today . . . high-speed, long-range rraft . . . 
instrument operation - . . high-altitude, all-weather 
flight . . . automatically controlled heating and coal- 
ing of cockpits and cabins . . . precise automatic 
control for countless components . . . and a long 
list of other major advancements that have brought 


us up to this age of jets and super transports. 

Through all this critical development period, it 
has been the privilege ami the responsibility of 
Barher-Colman engineers and production facilities 
to keep pace with and make real contributions to 
America's aviation. 

In doing this Barher-Colman Company has con- 
stantly developed its line of eicctro-mechanical de- 
vices to give them the diversity and scope neces- 
sary to solve the newest of control problems as they 
arise. For complete data, send coupon below. 





Since the earlier days oi 'ha DC-l, the vantea Ciiopar eoa 'h 

Americo’s his'ory-mok'ng pbsas. 

Today, on more and more aircraft, luch os ise Supa, Consra 
lorioo, B.£7, F4D. C-H9 and noiv o'hars, Sorbe 
Colmon eon'rols con'rlbbla to bailer paitoimanca. 


These key aircraft manufacturers ora omooe iha many who ho»a 

hetpad graolly in Iha constonl davelopmani and rafina- 
meni oi Barbar-Colmon conlrolst Doalng; Beach; 
Coicodoiri Coruolldoiad Vuhaa; Chonca-Voughi, Doug* 

McOonnall,NonhAmarican;Nonhrop;tappblic;A V.Roa. 


AUTOMATIC 

AiltraftControk 


■rntB 

[ II 

jhiith 
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TIIK I.0C'KHK1:J) STA14KIKK F-W-W 


Designed to guard the United States agtiinst enemy air invasion 
Lockheed's ne'V Starfire F-D4C is the moat powerful single engine plane 
in jiroduction. It climbs in record time to 7 miles or higher — flies 
more than GOO M.P. H. — locates enemy bombers automatically — and 
destroys the invader without ever seeing it. Guided by its electronic 
brain this all-weather jet fighter attacks and flies automatically. 

An outstanding example of Lockheed’s leadership — the F-IHC 
is the third in the Starflre series and augments squadrons of F-94AS 
and F-BJBs which have pi-ovided valiant protection for such 
key cities as New York and Washington, D.C. 

Rozolin salutes Lockheed on this great achievement which has 
contributed much to aviation's development and America’s protection. 
We are proud of the fact that 80% of the formed skins on the 
Lockheed Starflre F-94C are formed with tools made of 
REZOLIN TOOLPLASTIK. 

REZOLIN, INC., Los Angeles, Detroit, New York City, Dallas. 




The toughest jobs are formed with 


TOollipmK 

Sen-ing Iitdush-n Since IS3S 


.VPPLICATION.S FOR RKKOLIN TOOLPLAHTI K — Stretch dies ’^*"5'“'= 
Keller pettems y w Hydro-press dies • Spinning chucks. 
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^es of flight — the canopies, domes, noses and win- 
dows of Plexiglas on fighters, bombers, transports, 
helicopters. Through tliese transparent shields against 
wind and weather, the men who fly our country's 
planes obtain their all-imporlant unobstructed view, 
Whether enclosures are formed from Plexiglas II 
UVA, noted for its all-round serviceability, or from 
recently introduced Plexiglas 55, with increased 
resistance to crazing, they have the clarity, strength, 
light weight, formability, dimensional stability, and 
weather-resistance that have established Plexiglas 
as aviation's standard transparent plastic. 

To make the most efficient use of Plexiglas in air- 
craft applications, call on the Rohm & Haas Company 
service staff and technical representatives. Their 
services are backed by years of close cooperation with 
the aircraft industry; the Department of the .\ir 
Force. Air Material Command and .\ir Research and 
Development Command; and the Department of the 
Navy, Bureau of Aeronautics. 


EYES OF 


ROHM e HAAS 


PAMY 


CO 






Itfiiiiffnprs and manufaeturerg of 
dependable airborne elvetronic 
equi 
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roquip 

AEROQUIP CORPORATION, JACKSON, MICHIGAN 






For every Electrical need 

General 

^ELEamCAL 




GENER/%L CABLE 


Exeeutive Offices; 420 Lexington Avenue, New York 17, N. Y. 
Soles Offices in Principal Cities of the United States 


22 




Cable 

WIRE and CABIE 


Copper, bronze and aliuninum conductors 
in thousands of different sizes and types of 
product. Constructions and insulations 
of every modem variety. 


This is General Cable, a prime source of 
supply for everyone who generates electricity, 
distributes electricity or utilizes electricity. 


Whatever your electrical wire and cable 
need, whenever you need it— say “General 
Cable” to your purchasing agent, your 
distributor— or call on the nearest 
General Cable ofiBce. 


/ ONE Source of 

Complete Supply 
j ONE Completeness 
of Service 
/ ONE Stondarcf of Quality 







quality b«aring< ' 


THE BOWER ROLLER BEARING COMPANIT 
Oelr«it 14, Michigan 


BOWER 



ROLLER 


BEARINGS 





AIRLOC 
SOL-A-NUT 
WIRE HARNESS BAND 
ADAMS-RITE WEDJIT 
FABRI-LOC 
SNAP-IT-TRIM 


. . . our service is complete. We manufacture a variety of 
specialized aircraft fasteners and our design and engineering 
staff is ready to modify these or design completely new fasteners 
to your specifications. 

Monadnock, with a weallh of fastening experience, welcomes inquiries from 
manufacturers who seek reliable development and production facilities. 



subsidiory ot 

UNITED-CARR FASTENER CORP. 



NADNOCK 

I I I C Leandro 

L L ^ California 



When you f^ST, *•»« 



Type 587 
UHF 

FREQUENCY 

METER 

470-900 mc/» 


Type 801 -A 
UNIVERSAL 
KLYSTRON 
POWER 
SUPPLY 


MOUNTS 


Type 854 
UNIVERSAL 
SPECTRUM 
ANALYZER 


OSCIllATOtS 
T,p. 70S 
Typ« 706 


row Ee SUPPLIES 


Type 907 
BROADBAND 
SWEEP 
FREQUENCY 
GENERATOR 


VOLTAGE STANDING 
WAVE RATIO AMPLIFIER 

. .aS9rJ0Q0,tp». ,, 


Type 904 I 
VHF-UHF I 
NOISE ' 
GENERATOR 


FREQUENCY ME 


SIGNAL SOURC 


■from through 

PMCISIOII ^ 


mi iOHIMliNf 




ID TERMINATIONS 



Type 196-B 
VARIABLE 
ATTENUATOR 

8.20-12.4 


Type 211 
PRECISION WAVEGUIDE 
SLOTTED SECTION 

18.0-2«J kmc/i 



SH 






m 





4ir»‘»1i^ 




lit 

*u : 

' *'• 


Type 612-A 
CRYSTAL BOLOMETER 
MOUNT 

1,00-12.4 kmt/i 


Type 650-A 
UNIVERSAL 
POWER BRIDGE 


Type 389 
COAXIAL 
TRANSMISSION 
LINE ADAPTER 







TURBOJET ENGINE 

TEMPERATURE CONTROL AMPLIFIERS 


You want and must have completely reliable 
temperature control amplifiers — amplifiers de- 
signed and constructed to meet specific basic 
requirements of your turbojet engines, such as: 





Manning, Maxwell & Moore turbojet engine tem- 
perature control amplifiers satisfy all four re- 
quirements. They incorporate a highly successful 
design principle thoroughly proved during years 




MANNING, MAXWELL & MOORE, INC. 

AIRCRAFT PRODUCTS DIVISION • STRATFORD, CONN. 

out AIRCtAFT PROOUaS INClUDEt TURBOJET ENGINE TEMPERATURE CONTROL AMPlIFIEtS • ELECTRONIC AMPLIFIERS 
PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS • PRESSURE GAUGES 
THERMOCOUPLES • HYDRAULIC VALVES • JET ENGINE AFTERBURNER CONTROL SYSTEMS. 



CIBA 




• REPUX Bonding Process, 
used in rivetless assembly of 
primary structures in aircraft, now 
adapted for CUIDEP MISSUES 

The Redux*- Bonding Process, developed by Ciba's subsidiary, 
Aero Research in England, has made possible the rivelless 
assembly of primary structures in such aircraft as the famed de 
Havilland “Comet”. In this country, the Redux Bonding 
Process has been specified as standard procedure in military 
types as well, such as the U. S. Navy’s “Cutiass” jet fighter 
built by Chance-Vought, and most recently in the “Regulus” 
guided missEe designed for launching from submarines, surface 
ships and shore bases. 


Plastics 

BONDING* CASTING 
COATING RESINS 


Company. 

Address— 





F84G 
F 84F 
RF 84F 
F86H 



the KIDDE 
essor makes 
matics work at 
azingly high altitudes 

More fight for planes in flight is provided by the new Kidde 
4-Scage Compressor . . . auxiliary power that is more reliable, 
more foolproof than ever before. 

Think of it! The very space you fly through becomes your 
reservoir of pneumatic power. The supply is literally unlimited. 
The new Kidde 4-Stage Compressor is currently being installed 
aboard such fighter planes as the F84 and F86. 

Its unusually light weight and reliable performance make the 
Kidde 4-Stage Compressor the perfect “workhorse" for your 
aircraft, too. 

Why not write and let a Kidde engineer give you full informa- 
tion on Kidde pneumatic devices. 



Walter Kidde tS Comi»ny, Ine. 


HI8 HalnetTMt, SellevUla e,N.4. 


Walter Kidde €1 Cempaar et Canada, ttd., Hentreal, r. Q. 



HARPER 


HED 


Here it a boll of tiianium produced by Harper 
(o meci the demands of today's aircraft for 
ligliier, stronger fastenings— fastenings capa- 
ble of standing upunderexcessive temperature. 

The Harper Aero Division is producing 
fastenings of all the new high temperature 
alloys, such as Discaloy, Rcfractaloy, A-28d 
and special grades of stainless steel. 

Harper meTallurgisis and engineers are 
backed by nearly a third ofa century of experi- 
ence in producing fastenings of corrosion- 
resistant metals. Today, The H. M. Harper 
Company is the largest exclusive producer of 
such fastenings. 



If you require fastenings of high tempera- 
ture alloys or any of the more common 
corrosion-resistant metals — brass, naval 
bronze, silicon bronze, Monel, copper, nickel, 
aluminum and all stainless steels— call 
Harper. Harper metallurgists and engineers 
are available to work with you on the produc- 
tion of fastenings to meet any design, tem- 
perature, abrasion or corrosion conditions. 


THE H. M. HARPER COMPANY 

A(«0 DIVISION 

8280 Lehigh Avenue, Morton Grove, Illinois 


THE H. M. HARPER COMPANY 
AERO DIVISION 

8260 Lehigh Atcnue, Monoa Grove, III. 
Pleosc send me inforination ocu 

□ High Temperature Fisleningt 

□ Corrosioo-Resisiant Fastenings 








The Eaton Process of Producing Jet Blades 
is Saving Critical Materials— Reducing Costs 
by Millions of Dollars 

The savings inherent in Eaton processes for the production of jet engine 
blades are an accomplished fact — savings in critical materials, savings in 
cost totaling millions of dollars. These cost-saving processes have been 
developed and perfected in production — representing millions of blades 
for jet engines now flying in actual combat. 

Eaton research — in the laboratory and in the shop — will continue to 
strive for the achievement of the high quality necessary for these critical 
parts — at the lowest possible cost! 

MANUFACTURING COMPANY 

General Offices: CLEVELAND, OHIO 
VALVE DIVISION: 9771 FRENCH ROAD • DETROIT 13, MICHIGAN 



PRODUCTS: Sodium Cooled, Poppet, and Free Volves •Tappets • Hydraulic Voive Lifters * Vaive Seat Inserts • Jet 
Engine Parts • Rotor Pumps • Motor Truck Axles • Permanent Mold Gray Iron Costings • Heoter-Defroster Units * Snop Rings 
Springtites • Spring Washers «Coid Drawn Steel •Stampings ‘Leaf ond Coil Springs *Dynamotic Drives, Brakes, Dynomometers 



INSTRUMENTS HAVE A RECORD OF 
TOP PERFORMANCE IN TOP AIRCRAFT 


Revere control instruments hove shared the responsibility 
and achievements of the aircrofi industry since 1939 with 
years of dependable performance under all types of 
weother conditions. Today Revere is recogniied os one of 
the foremost producers of precision instruments. You'll 
find them installed in mony world-fomous airplanes. 


Extensive research and development facilities coupled 
with precision production methods contribute immeosur- 
obly to Revere's reputation for highest quality control 
instruments. Contact Revere's field engineering department 
lodoy. Let quolifled engineers assist you with your liquid 
or electro-mechonicol control problems . . . 





LIKE 


"opening o born door 
in 0 hurricane".... 


..with a 




30 Milliamp Signal 
Controls 50 Horsepower 

Modern aircraft control surfaces are not the 
size of a barn door but the wind across 
them is several times hurricane veiocity. 
Results are similar ... it takes plenty of 
power to control them. 

Vickers Electro-Hydraulic Servo Power 
Units provide rapid and accurate control 
of up to 50 horsepower with a 30 milliamp 
signal. This is another Vickers accomplish- 
ment in the control of heavy power by 
means of very minute signal inputs. Write 
for special bulletin No. SE-i8. 



SikKErI Incorporated 

eivujoN or ms srssir cotrounoH 
14S2 OAIUUN live. • DITROIt MKK. 



SI6KAI INPUT 


uit 
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Wj&hS when Calbraitli 
Rodgers took 84 days to complete the 
“First Transcontinental Aeroplane Flight” on 
Goodyear tires— a daring trip during which 
Rodgers had to be accompanied by a train 
carrying spare parts, as well as a low truck for 
hauling his Wright biplane out of ditches! 

For that was back in 191 1 when plane and 
engine usually required drastic overhaul 
after a few hours' flight. In those days the 
number of civilian aviators could be counted 
almost on one’s fingers. “Landing fields” 
were any available pasture, and airports and 
service facilities were practically non-existent. 


modern private planes can make 
the coast-to-coast trip in a matter of hours— 
with complete assurance that, should parts be 
needed, Goodyear Aviation Products are 
quickly available at any of the vast network 
of landing fields where distributors display 
the Goodyear “Sign of Service.” 


34A 



MAGNESIUM CUTS DEAD WEIGHT, 
INCREASES HEUICOPTER EFFICIENCY 

Extensive use of DOW MAGNESIUM sheet, extrusions, and sand 
castings saves many imporlanl pounds on this versatile aircraft 








AEROPRODUGTS ACTUATORS 
RELIEVE DESIGN PRORLEMS 



Aeroproducts self-locking actuators ... by 
providing instantaneous adjustment of variable 
surfaces to any position within their designed 
range . . . have eliminated many previous restric- 
tions in aircraft design. Without pre-selection or 
positioning, these new actuators permit variable 
surfaces to be locked in position and held 
until changed by the pilot. 

Any combination of systems— hydraulic, pneu- 
matic, elearic or manual— can serve as the 
primary power source. These actuators can be 
synchronized readily in tandem orin series to pro- 
vide coordinated control of related movements. 
Announced uses of Aeroproducts self-locking 
actuators include control of the “flyable tail" of 
the new Republic F84F “Thunderstreak" jet 
fighter, the horizontal stabilizer on another 
high-speed jet fighter, and the afterburner of a 
jet engine. Additional applications include con- 
trol of wing flaps, dive brakes, bomb bay or 
cargo doors, gun turrets, variable wing sweep 
and incidence, wing fold and canopy slides. 


AUISON DIVISION • GENERAL MOTORS CORPORATION 
DAYTON, OHIO 



REMARKABLE DESIGN 

NEW SILICONE 

DEMONSTRATED BY TEST... 



SE.100_idEAL for electrical 

AND MECHANICAL APPLICATIONS! 

General Electric's new silicone rubber coating 
compound, 5E-100, combines outstanding heat re- 
sistance, electrical and physical properties for a wide 
variety of electrical and mechanical applications. 
SE-100 may be coated on glass or organic fabrics for 
service at high or low temperatures or where resistance 
to weather, ozone, corona or chemicals is required. 


SE-550_sTILL flexible 
AFTER 24 HOURS AT -120 F! 


G.E.'s new extreme low-femperolure silicone 
rubber, SE-550, combines high strength and elonga- 
tion with maximum low-temperature usefulness. 
SE-550 shows practically no increase in modulus at 
-100 F and retains useful flexibility at —120 F. This 
flexibility is achieved without sacrifice of high- 
temperature resistance or any of the other desirable 
properties inherent in silicone rubber. 



SE-360_moRE “COME BACK” 
THAN ANY KNOWN RUBBER! 

G.E.'s new low compression set silicone rub- 
ber, SE-360, is designed to provide more positive 
sealing action in parts subject to compression at 
elevated temperatures. In addition to its outstanding 
low compression set, SE-360 has unusually low 
shrinkage when cured. This means parts with more 
uniform properties, closer tolerances and opportunities 
for your fabricator to cut scrap loss. 




POSSIBILITIES OF THREE GREAT 

RUBBER COMPOUNDS 

CONFIRMED BY APPLICATION 



G.E.'s SE-100 silicone rubber 

is finding steadily increasing appli- 
cation in the electrical industry for 
coaling cloth. lapes and sleeving; 
for coating glass-served wire; for 
encapsulating coils. Among the 
many mechanical uses for SE-100 
are ducts and tubing; gaskets and 
seals; diaphragms. 


Gaskets for emergency hatches 

(shown here at 50 below zero F) 
astra domes and access windows on 
the Douglas ClobcmasCer are now 
made of G.E.’s SE-550 silicone 
rubber because it remains flexible 
and maintains a seal at extremely 
low temperatures; docs not stick 
to metal after long inactivity. 


O-rings, gaskets and seals 

are being designed with G.E.'s new 
SE-360 silicone rubber for applica- 
tions where sustained resilience at 
high temperatures is required, Air- 
craft, automotive and railway de- 
sign engineers find SE-360 ideal for 
jet engine parts, transmission seals 
and Diesel gaskets. 


CLIP AND MAIL TODAY 


FOR MORE INFORMATION 

about these now C-E silicone rubber com- 
pounds. just mail (he coupon! You will 
also receive a free copy of '•Imagineering 
with Silicone Rubber" which describes 
other C-E silicone rubber products and 
tells how you can put them to work. 




GENERAL0ELECTRIC 




Please send me product data on ( } SE-100 

( ) SE-550 ( ) SE-360, including a free 

copy of “Imagineering with Silicone Rubber." 
I want this information for ( ) Reference pur- 
poses only I ) An immediate application on 
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PracticaHy every American-niadc aircraft 
. . . commercial, private, anti military 
. . . relies on pumps built and designed by 
Thompson to maintain flight operationa 
^vitb fewest non-schednled removals. 
Thompson has over 50 years of experience 
in the aircraft and automotive industries. 
From this experience has come leadership 
and know-how in developing seals, j>er- 
fecting alloys aud mechanisms to pumj) 
a^•iation fuels at widely varying pressures, 
temperatures, and altitudes. 

Fuel booster, water-alcohol, and engine- 
driven pump applications . , . you'll find a 
Thompson pump to do the job with sim- 
plicity, dependability, and economy. 

Just tell us your requirements. 


Accessories Division 

Tompson Products. Ina 

DEPARTMENT AC-I • CIEVELAND IT, OHIO 




6 definite ways you can cut costs 
with Avien s “TWO-UNIT” FUEL GAGE 


Avien's Taro-Unit Fuel Gage is creating a lot of talk with 
manufacturers, engineers, and purchasing men. 

This new “package” means that Avien units are now all "shelf 
items." As long as the units ace designed for the same aircraft, 
they're completely interchangeable. 

The Avien Two-Unit Fuel Gage is now scheduled for produc- 
tion, to meet your manufacturing programs. The indicator is 
available in either large or small sises, with all varieties of 
dial configurations. 

Every month, Avien produces over ten thousand major instru- 
ment components for the aviation industry. 


We believe the Two-Unit Gage is so important that your 
inquiry should not be delayed another day. Write or call to. 


) 


AVfATfON eMGINECAfNe OlVfSION 

AVtZti -RUtCKERBOCKER, INC. 
S8-IS NORTHERN BOULEVARD, WOODSIDB, L. U N. T. 




W'4rfjACK>HEIffl7i. 



coMPiixrry 

Converting a baffling jigsaw puzzle of 
scattered electrical controls, protective devices 
and miles of wiring into one easily serviced, 
plug-in panel no larger than a table radio . . . 
Jack & Heintz is helping to solve the serious 
j>roblein of aircraft complexity. 

Complexity is just one of the problems we 
face in our business of developing 
and producing complicated, lightweight, 
higli-output electrical, electromechanical 
and hydraulic devices . . . designed to meet 
extreme conditions of stress, temperature 
and environment. 

The name Jack & llcinta on aviation or 
commercial products stands for advanced 
engineering . . . precise manufacturing . . . 
pretested performance. Write Jack & Heintz, Inc., 
Dept. 805, Cleveland 1, Ohio. 


Jacks Heintz 

EQUIPMENT 


niMni •Isctrical, hydraulic er msehai 



Aircraft Generating Equipment— .a-c 
and d-c — including Control Systems 
and Components • Electric Starters • 
Actuotors and Special Aircraft 
Motors • Custom-built Commerclol 
Motors • J&H Eisemonn Mognetos 



These Kodagraph Autopositive Intermediates 


WL 


You’re looking behind the scenes at the American Loco- 
motive Companv, Ordnance Division, Sehenectadv, New 
York. 

Tlie prints you see streaming from the processing ma- 
chine are positive photographic reproductions of M47 tank 
drawings. They're produced without a negative step . . . 
and under ordinary room light. 

This fast, low-cost operation enables the Ordnance Divi- 
sion to protect thousands of M47 drawings against expen- 
sive wear and tear. For the drawings are Sled away after 
the Autopositives are made. Then, because the engineering 
department of the Ordnance Division holds the design con- 
tract for the M47, these highly legible and durable inter- 
mediates are used to produce all the quantity prints 
required by the 29 manufacturers and government agencies 
involved in the distribution of engineering changes on the 
M47 tank. 



These Kodagraph Autopositive intermediates, used in place 
of the valuable original drawings, produce sharp, legible 
blueprints or direct-process prints time after time. Their 
dense photographic black lines— on an evenly translucent 
paper base— will not smear or lose density . . . which sim- 
plifies print production and eliminates reading errors and 
bottlenecks all along the line. And another imyiortant point 
—Autopositives are photo-lasting in the files... will not tom 
yellow or become brittle. 

Advantages which you will appreciate, too, in your own 
operations. And, remember, this is only part of the Aiito- 
positive story! 



"THE BIO NEW PUIS" in engineering drawing repredwetien 


learn how you, or your 
local Idueprinter, can pro 
this unique photographic 
intermediate paper at lov 
cost . . . with existing, equip 
mant; how it is used Co 
reclaim drawings . - . speed 
design changes in thousanc 
of drafting rooms. 



MAIL COUPON TODAY 

EASTMAN KODAK COMPANY 

Industrial Photographic Division, Rochester 4, New York 

Centlemeo: Please send me acopy of "New Short Cuts and Savings”. . . describing 
the many sa\iop Kodagraph Autopositive Paper is bringing to industry. 




EXCLUSIVE’ ELECTRO TEC TECHNIQUES 


insvre closer tolerances, absolute uniformity, 
and the ultimate in miniaturization 
Electro Tec units are the product of an exclusive manufacturing 
technique that results in accuracy unattainable by conventional 
fabricating methods. In this process a plastic is moulded around 
the wire leads. Accurate machining reduces this blank to the 
proper shape, complete with grooves- Hard silver is deposited into 
the grooves by electroplating to produce the required rings. Pinal 
machining insures concentricity and dimensional accuracy. The 
result is one-piece, unitued construction with conducting rings of 
60 to 70 Brinell hardness. 

Diameters of these assemblies range from .045’ to 24" cylindrical 
or flat. Cross-sections may range from .005” to .060" or more. 
Rings are polished to a jewel-like finish and can be held to 4 
micro-inches or better. Even the smallest sizes withstand a 1000 
V.A.C. breakdown test. Most types easily withstand rotational 
speeds up to 12000 rpm. 

ELECTRO TEC Assemblies ere Specified by the Notion's 
Leading Precision Instrument and Equipment Manufacturers far Proven 
Creoter Dependability, Longer life, Smoother Functioning. 

The uniformly superior performance of Electro Tec slip ring and 
commutator assemblies in thousands of industrial and govern- 
mental applications has resulted in wide adoption of these com- 
ponent units by most leading manufacturers of precision instru- 
ments and equipment. Although these products provide improved 
performance and extra dependability, prices are strictly com- 
petitive. Write today for fully illustrated literature. 

HfCTRO nc 

so. HACKENSACK NEW JERSEY 

PRODUCTS OF PRECISION (RAFTSMAHSHIP BT A NEW AND REVOlUIlONARY PRDUSS 


• MINIMUM 1000 V.A.C, Hl- 
POT INTER-CIfiCUIT 

• UNIFORMLY HARD SILVER 
RINGS PLATED INTO GROOVES 
ON PRECISION MACHINED 
ONE PIECE PLASTIC FORM 

• SPECIAL SURFACE DEPOSITS 
PREVENT TARNISH, MINIMIZE 
FRICTION, BRUSH NOISE AND 
PRACTICALLY ELIMINATE WEAR 


CORPORATION 
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CLARE 


offers the widest variety 


of 


HERMETICALLY SEALED RELAYS 


for most exacting design requirements! 



Hermetic Seoling 
Means: 


After assembly in the container, 
the enclosure is ottoched to a 
high vacuum pump and pumped 
down to o few microns pressure 
to remove all troces of moisture 
and gases, then flushed with dry 
nitrogen, and again pumped down. 
While under this extreme vacuum, 
the enclosure and seals ore tested 
for leaks by meons of a Mass 
Spectrometer — a device so sen- 
sitive thot it can detect a leak so 
tiny thof more then thirty-one 
yeors would be required for one 
cubic centimeter of air to pass 
through It. This highly refined 
method of leak testing causes re- 
jection of many enclosures which 
could pass the usual immersion 
tests without detection. 


For most applicotiMS, the etKio- 
sure is then fliled with dry nitro- 
gen, which has a relatively high 
arcing potential. 


I N THE fourlcpn years since CLARE first b^n the development of 
^ hermetically sealed relays for airborne, military and industrial use, 
CLARE has developed over 50 different series of hermetically sealed 

Each series varies in the size of the container, the number and kind of 


IS of relay coil 


innumerabfe 

and contact specifications are possible, 

Two things, however, never vary: the high quality of the CLARE 
relay whiai goes into each enclosure and the completely airtight sealing 
which permits no gas or spirit to escape from the enclosure or enter it. 

e of hermetically sealed relays, CLARE 


If your product requirei 


jppiy you lust the relay you need from this wide variety, or will 
develop antf seal for you a special, "custom-built'l relay tc ‘ 


It exacting requirements. 


Send for CLARE BULLETIN NO. 114 on Hermetically Sealed Relays or 
contact the nearest CLARE sales engineer for complete information. 
Address: C. P. Clare & Co., 4719 West Sunnyside Avenue, Chicago 30, 
Illinois. In Canada: Canadian Line Materials Co., Ltd., Toronto 13. 
Cable address: CLARELAY. 


CIARI {^QLnVf 


...First in the Industrial Field 






BRAINS, NERVES, 


Typical of modern aeronautical 
miracles are systems that activate, guide 
and control subsonic and supersonic 
flight. Lear electro-mechanical equipment 
and gyro instrument products for commercial 
aircraft and modern military planes measure and 
apply the forces necessary to maintain required 
conditions of flight. 


Electn-Mechanical Proilucts: 

Sub-Miniature • Motor-Generators 
Motor Driven Precision Gear 
Mechanisms * Precision Aircraft 
AC and DC Motors • Fastop® 
Electro-Magnetic Clutch 
iutomatic Electronic Temperature 
and Positioning Controls. 


LINEAR AND 
ROTARY ACTUATORS 


Fluid System Components: 

Fuel, Oil and Air Pumps ■ Rotary Hand Pumps 
Fluid Regulator Valves • Water Injection Pumps 
Airborne Air Compressors • Centrifugal and 
Turbine Pumps ■ Pressurization Assemblies for 
Radar • Camera Vacuum Pumps • Pneumatic 
Motors • Absolute Pressure Switches • Dehydrators. 


GRAND RAPIDS 



OIL AND HYDRAULIC PUMPS 



LEAR-ROMEC 

Autopilots, Radio Communication and Navigation Equipment: 



EXECUTIVE OFFICES, 

3171 Sonth Bundy Drive, 
Los Angeles 34, California 


MUSCLES 



Lear-Romec pumps, compressors and related components handle air, water, 
lubricants, hydraulic fluid, anti-detonant solutions and gasoline. 

Lear aircraft radio communication and navigation and flight control 
equipment has been selected by leading executive airplane manufacturers as 
standard factory installed accessory equipment. 

For detailed information please address the Division concerned, as listed below. 



Instramenl Products: Automatic Flight Controls 

Automatic Approach Couplers • Gyros for Control Mechanisms 
Remote Reading Gyro Instruments • Rate Gyros • Yaui Damper Systems 
Missile Controls (Stabilization and Maneuvering). 



FUEL 

PUMPS 


PRESSURIZING 

KITS 


PRESSURIZING EQUIPMENT 



Advon^ tKa Frtontiens oF 

lEAR-ROMEC DIVISION, Abbe Road, Elyria, Ohio 

LEARCAL DIVISION, 11916 West Pico Boulevard, Los Angeles, California 
GRAND RAPIDS DIVISION, 110 Ionia Ave., N.W., Grand Rapids 2, Michigan. 








in research, 
design and 
manufacturing 


For over a quarter of a century. Bendix 
has set the pace in meeting the ever 
cliannng ignition problems of the indus- 
try. It is perfectly obvious that solutions 
to this perpetual challenge of product 
improvement and applicution can only 
be found by an unceasing search for 
advanced design, better materials and 
more ellieient manufacturing methods, 
How well Bendix has met this challenge 
is evidenced by the overwhelming 
endorsement the aviation industry has 
given to Benclix ignition equipment. 
Whether the requirement is for a better 
electrical connector or a complete new 
ignition system, the industry has come 
to look upon Bendix as the one source 
best qualified to meet every ignition 
problem. 

Remember, the unmatched facilities of 
Bendix are yours to command from 
planning to finished product. 
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Nine of the electro-mechanical actuators on the 
McDonnell Banshee F2H-2 use Saginaw Recirculating ball-bearing 
screw and nut mechanisms. Installations include wing fold, main landing 
gear, landing gear doors, speed brakes and nose landing gear. 

Saginow screws with rotory-to-lineor force transmitted through rolling 
steel bolls operate ot more than 90% efficiency. This means that the torque 
—the rotary power equipment— is only a small fraction of that 
required for a thread-lo-threod screw, thus resulting in important weight sav- 
ings. Saginaw screws ore efficient, accurate, reliable, compoct, and low 
in weight-strength ratio. They can be effectively combined with 
electrical, hydraulic or pneumatic units and can be furnished 
for actuator opplicotions in any size in a complete 
range of load and life requirements. 

FOR MORE COMPLETE INFORMATION, WRITE 
FOR ENGINEERING DATA BOOK. 



DIVISION, GENERAL MOTORS CORPORATION, SAGINAW, MICHIGAN 


Et or SAOi 


PASS ENG E' 




FOR HIGHER TEMPERATURES AND HIGHER PRESSURES 

Completely new Mormon live joint system speeds assembly— cuts costs— saves weight. It consists of a 
V-Band Coupling with integral stainless steel flanges. The unique design of the joint allows 
the introduction of a screen or check valve in the joint assembly without further modification. 





3. Assemble with Marmcm V>Band 
coupling for positive seal and depend- 
able operation. 


Easy fo specify for quick delivery in a wide ronge 
of sizes— for information write Dept, y^.5 



■nt AppHt4 Fm 


New helicopter to hit 180 mph with 
help of 17 TIMKEN bearings 


T O make its new Model 104 
helicopter faster than previous 
models, Jacobs Aircraft Engine 
Company designed a new one-unit 
engine and transmission. Weight was 
reduced 20% compared to installa- 
tions of equal horsepower. Speeds 
were increased to 180 mph lop, 
ISO mph cruising. 

To keep the transmission light 
yet rugged, the gears were specially 
designed for this application and 
Timken* tapered roller bearings 
were specihed for the transmission 


In both the transmission and tail 
rotor gear hox, Timken bearings 
holdshafisinrigid alignment. Gears 
mesh accurately, transmit a smooth 
flow of power with minimum vibra- 
tion. Fewer transmission and gear 
box overhauls are required. 

The main rotor shaft takes not 
only the tremendous radial loads of 
the whirling blades, but alsoa thrust 
load equal to the weight of the heli- 
copter itself. For this reason, the 
shaft was mounted on Timken bear- 


iugs. Their tapered consiniction 
lets them take radial and thrust loads 
in any combination. 

Whether you build or buy air- 
craft, make sure the bearings have 
the irade-mark "Timken". No other 
bearing can give you so many ad- 
vantages. The Timken Roller Bear- 
ing Company, Canton 6, Ohio. Can- 
adian plant: St. Thomas, Ontario. 
Cable address: "TIMROSCO". 




CNeiNC COMPANr 
tape 




MILLIONTHS OF AN INCI 


TIMKEN 


HDTIUSUMIL OlOTlIJSTAROlLEil rDIHE Tmi«N TAPIRCO ItOlLER dT^eURIHG TARES AADlAl ti'ANO THRUST ?1-UIADS UR ARHOBHIlUnOII 





REFLECTORMEN, FIRST CLASS 


The nation’s leading electronics manufacturers 
look to Lavelle for radar reflector fabrication that 
fulfilts every precise specification of their design 
engineers. They have learned from experience that 
they can count on Lavelle. 

Many years’ experience in fabricating stainless 
steel, aluminum and allied metals qualifies Lavelle 
as true specialists in this field. Staff and facilities 


are complete — Customers' Engineering Staff, 
great diversity of jigs and fixtures, equipment for 
all types of welding, mechanical and microscopic 
inspection facilities and a complete anodizing plant. 

Together, these men, methods and machines have 
brought Lavelle widespread recognition as a first- 
class, reliable subcontractor to the electronics 
industry. 




at WESTERN 


Designing, manufacturing, testing and 
producing in quantity — one or thousands-* 
of specialized gear drives for the Aviation 
Industry has been a majofactiTity at 
Western Gear since the first days 





€sso Q.C 



makes the difference^ 

* Quality Control of aviation petroleum products means 
safety, peak performance and economy to intcrnationai aircraft operators 
everywhere — and quality control depends on constant and thorough testing. 

Aviation gasoline refined in one country may be distributed for use in many 
other areas. The interval between a refinery run of an average overseas ship- 
ment of ESSO aviation fuel, and delivery into aircraft by ESSO Aviation 
Service, often is measured in thousands of miles and many days. It is trans- 
ported by tanker, by rail, by barge, by pipeline or by other means. 

Yet the quality control of ESSO fuel is vigilantly supervised every step of 
the way. En route, the product is subjected to numerous quality inspections to 
insure uniformity and compliance with specifications. 


To begin with, a com- 
plete analysis is made 
at the refinery when 
the newly manufac- 
tured fuel goes into storage tanks to verify 
that the product meets or exceeds govern- 
ment, airline, and ESSO’s own standards. 

A second series of tests is made on com- 
posite samples taken from the tanker imme- 
diately after loading. 

voyage, cargo samples of the fuel are checked 
for quality just before off-loading into ocean 
terminal storage tanks. 

Product samples from the ocean terminal 



are subjected to a quality analysis; from the 
ocean terminal the product may go through 
an inland storage depot or directly to air- 
field storage. 

'U ifiSv 1 

_ Airfield 
_ storage 

samples are tested at regular intervals. 
When airport refuelers are loaded, and after 
each change of shift, the fuel is carefully 
checked for possible water content and 
contamination. ^ ^ 

passed through 5-micron filters during re- 
fueling by ESSO airport service personnel. 


Yes, ESSO's follow-through tests and 
analyses make the difference. They mean 
greater safety and better performance 
because they guarantee Quality Controlled 
aviation fuel at all times wherever and 
whenever ESSO aviation gasolines are 
delivered into aircraft by ESSO 
Aviation Service. 


Mere good reasons why 

8 out of every 20 international 
airlines use 



AVIATION PRODUCTS 



INC. 723 Sene 


s., GleiKlale 1, CaW. • New York • Woshlngton, O.C. • Oakland 



M?/7 ^^CIFICATIOHS I e9//fi)r 

STANDARD CAWS COVERS 


■^consult the new 


HUDSON 
DATA 
FILE! 


- including 


guide to 


• STANDARD DRAWN 

CASES & COVERS 

• SPECIAL METAL 

STAMPINGS 
O SPECIAL COVER 

CAN ASSEMBLIES 


-plan your production around Hudson 

All drawn cases and covers in the new Hudson Data File are standard and 
orders are filled promptly from regular factory stocks. Quality metal stamp- 
ings are precision made to your exact specifications. For complete informa- 
tion on standard components, consult the Hudson Data File — for specifica- 
tion metal stampings, call or write Hudson for prompt service! Address 
inquiries to Desk 8t0. 


HUDSON TOOL AND DIE COMPANY • INC 

1-122 SO. FOURTEENTH STREET, NEWARK 7, NEW JERSEY 





Por HITCO engineering counsel without obligation, and free sample 
of Refrasil Yarn, address inquiries to Mr. A.W. Williams, The H. I. 
Thompson Co., 1733 Cordova Street. Los Angeles 7, California. 
Illustroted above is the Lockheed F-94C STARFIRE, equipped with Reffosil 
Lightweight Removable Insulating Blonkets. 

REf'rASIL is available in a variety of physical forms: 


SiSJSIlS 








A typicol selection of SPS Fosfeners. For information, write STANDARD PRESSED STEEL Co., Jenkintown 3, Po. 

AIRCRAFT PROPUCTS DIVISION 


: A START FOR THE FUTURE 


iMcDonne// Bons/iee 
uses SPS Fasteners 



*7^ '^ew- (!>®I3I§) V 

MR-36M DYNAFOCAL 
ENGINE MOUNTING ^ 

FOR R.2800 C ENGINES vl 




NATIONAL AIRCRAFT SHOW 


This new Lord Dynafoeal Mounting is interchangeable as to vibra- 
tion characteristics and physical dimensions with any mounting now 
in use on Convair 240 and 340, Douglas DC 6 Series, Martin 404 
and Military Aircraft using R-2800c engines. The Lord MR36M is 
stronger than any mounting of previous Sesign. Its light weight saves 
up to 16 pounds per engine, depending on the type of mounting sys- 
tem now used. This new Lord Dynafocal can replace your present 
heavy mountings without any rework whatever. 

The Lord MR36M Mounting is approved by CAA, USAF and 
Navy Bureau of Aeronautics. The reduced weight on 2 and 4 engine 
aircraft enables you to realize an immediate profit in additional pay- 
load. For complete details you are invited to write direct or refer to 
the field offices listed below. 

tUtlANK, CAUPOItNrA OAUAS, TCXAS FHIlADlirNIA 7, FENNSnVANIA BATTON A OHIO 

etneiT a, michioan new yo>k tt, new york chicaco ii. ilunois cuveiand is, ohio 

III CuiBs BuUdluq 2S0 Modisoa Av«&u» S2Q N. MicMqcm Av», Reom Sil Hauia Buildlnq 

LORD MA NUFAaURING COMPANY » ERIE, PA. 

Vibration Control 





Specially Engineered to 
handle production problems 


TO MEET YOUR AIRCRAFT PRODUCTION DEMANDS 


IT will PAT YOU 
TO INVESTIGATE A 


Quiah QumM/ 

ALUMINUM 

^S4r Tfis/rrwG 

FURNACE 


Is your production schedule suffering be- 
cause of inadequate aluminum heat treat- 
ing equipment? You can eliminate this bottle- 
neck with a specially engineered DESPATCH 
bottom-entry, quick-queneh Furnace for the 
solution heat treating of aluminum and alum- 
inum alloy shapes. Many leading aircraft plants 
report more production, better quality and low- 
er costs since installing modern DESPATCH 
equipment. 

These DESPATCH Furnaces are completely 
automatic, are electrically heated, recirculating 
type designed to operate at temperatures from 
350 to 1250“ F. They are capable of tempera- 
ture uniformity within limits of plus or minus 
5“ F. From work chamber to completion of 
quench is accomplished in considerably less 
than 10 seconds. 


Call, Write or Wire Now to Dept. W 
Why not let DESPATCH engineers analyze your 
heat treating problem now. They are ready to talk 
things over with you, offer advice or design, build 
and install the proper equipment for your plant. 
There is a resident engineer near you, who will 
assist with your heat treating requirements. 


PIONEERS IN ENGINEERING HEAT APPLICATIONS FOR INPUSTRY 



U.S. fighting aircraft, like this six-jet B-47, 
fly with Collins navigation oc communications 
equipment. Airforce vetetans remember Collins 
as the name on the first automatically tuned 
radio equipment used in World War II. 

Today, Collins plants in Cedar Rapids, Dallas 
and Burbank are hard at work filling orders that 
put Collins units on the latest military aircraft. 


DESIGSERS dND MANUFACTURERS OF 
ADVANCED ELECTRONIC EQUIPMENT 

• The hilesraled Flighl Sysitm 

• CroiWil Slalha CommmiicalioHS Etinipment 

• Eltclroiiie Nmrs<ilioual Equipment 

• Automctic Flight Control Eqmpmtat 


COLLINS RADIO COMPANY 






Proved... fi>rAiation's f/ijher Speeds 

J-M Thermal Insulations 



preformed shapes for maoy other applications. These 
flexible blankets are made by Johns-Manville from a 
highly stable refractory fiber felt sealed between sheets 
of corrosion-resistant metal foils. 


^ J-M Thermoflex* Blankets— used as standard 
protection on maoy Air Force and Navy jet aircraft, 
to insulate tail pipes, engine cooes, afterburners, aft- 
frames and shaft housings. Also available in special 



New ond improved products are constantly being 
developed in the Johns-Manville Research Center — 
world's largest insulation and packing laboratory. 
Here J-M Engineers and Scientists cooperate with 
leaders in the Aviation Industry to help solve their 
toughest problems and create produas which will 
keep pace with aviation requirements. 


As the aviation industry 
observes the golden 
anniversary of powered 
flight, Johns-Manville 
marks its 95th year of service to industry. 

Johns-Manville is proud of the part its prod- 
ucts have played in aircraft development . . . 
thermal insulation for proteaion against ex- 



Johns-Manville 



Johns-Manville makes maoy types of asbestos cloth, 
tape and tubing. They are used for insulating, fireproof- 
ing, cushioning and sealing fuel, lubrication, hydraulic 
and electrical lines; also exhaust system shroud and 


O J*M Goetze Gaskets— These custom crafted me- 
tallic gaskets may be fabricated in almost any shape or 
size, for sealing igniters, compressor bleed-offs, cross 
ignition tubes and many other applications. Many types 
of J-M asbestos gaskets are also available for sealing, 
cushioning and mounting in aircraft power plants, air- 
frames and accessories. 


J-M Clipper Seals— used on helicopters, in ^ 
rotor and gear systems, to keep abrasives out, seal 
oil in. Available in split form for easy application in 
small spaces. In addition to Clipper Seals, Johns- 
Manville offers special-shaped propeller seals in ac- 
cordance with design specifications. Available in a 
wide variety of compounds and shapes such as "U,” 
"O,” ‘T” and "Hat-shaped.” 


iremes of temperature . . . packings and gaskets 
to seal in lubricants and hot gases . . . asbestos 
textiles for fireproofing . . . friction materials to 
control motion. 

For further information about Johns-Manville 
Aviation Products, write for copy of booklet 
AV-lA. Johns-Manville, Box 60, New York 16, 
N. Y. In Canada, 199 Bay St., Toronto 1, Ont. 
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Products for the Aviation Industry 







a precision indestry 


'e this great industry a momrfacturer must 
maintain the best and most modam equipment 
available, operate it wiHi skilled craftsmen, and use every 
existing method of tightening specifications 
and cutting production costs. Indiana Gear is sudi 

a manufacturer — a company of craftsmen producing 
fine quolity transmissions and actuators for industry. 


INDtSNA GEAR WORKS, INC, . IHOIAHAPOIIS 7. INDI ANA 



aircraft products 


\Seotr 





Here’s How This 

JDYAXIVMEAiicraft Fan 

Solved a Problem of Unmatched Complexity 



W HEN the Air Force and Coa- 
solidaced Vuliee, manufac- 
mrer of the B-56, decided it was 
necessary to have a pressuriiation 
booster on this king-size bomber, 
they really threw the design-book 
away. The requirements for the 
blower would cause any prospective 
fan supplier to have misgivings. 
Specifications called for three sep- 

g lI80CFMali2" W.C.,uilbau 
air dtnsity of 0.044 Ibs./eu. jl. 
L 700 CFM at 40'' W.C.. uirh a?, 
air demitj of O.IO Iki./cu. ft. 
g 680 CFM at 26" W.C., with an 
air density of 0.070 lbs. feu. ft. 

Space and weight limitaAons 
were stringent. The fan had to oper- 
ate without excessive horsepower 
requirements due to a critical load 
on the generators. In addition, the 
fan motor had to be protected from 
hot air in the dua system. 

Just about when the job seemed 
impossible, it was turned over to 
Joy engineers. 

The result? Not only was the prob- 
lem solved to the complete satisfac- 
tion of both the Air Force and the 
manufacturer, but the prototype fan 
was in their hands only six months 
after Joy received the order. 


The fan exactly meets the three 
duties specified. It is 10" in diameter 
and 17" in length, Because of its 
combination of magnesium and 
aluminum construction, the fan 
weighs only 54 lbs. It is a two-stage 
unit, driven by a two-speed, 400- 
cycle motor. The efficiency of 
vaneaxial-fan design permits using 
a motor rated at only 12.6 H.P. 
continuous duty. The stationary 
vanes which support the motor are 
hollow, so that cooling air can be 
continuously directed over the 
motor. Each stage of the fan has a 
set of straightener vanes. Casing 
and hollow vanes are a single cast- 


ing for shock-resistant strength. 

• We freely admit that this is 
one of the toughest fan design- 
problems Joy engineers have ever 
tackled. On the other hand we are 
just as sure that, in the future, even 
harder problems will be taken on 
and solved. Even if your aircraft fan 
problem is not a difficult one, it is 
a good bet that the incomparable 
vaneaxial-fan design know-how 
which produced this AXIVANE fan 
will give you the most for yonr 
money. If you need an aircraft fan 
for any purpose, call on JOY — the 
world's largest manufacturer of 
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SPfCIAllSTS IN THE COMPEESSION AND r*. . 
MOVEMENT OF AIR AND GASES SINCE 188S 



HERE IS COMPLETE 
AVIATION RADIO 


/ 




COMPLETE AVIATION 



★ VHF 


Fifty KC channel spocing provides mo*lmgrn number 
of chonnels, and eliminates possibility of obsolescence 



★ ADF 

This radio compass is the basic novigo- 
tlonal system for all oircroft. It provides 
complete, automatic radio bearing informa- 
tion in the low ond medium frequency bonds. 

Pracficolly every multi-engine aircraft in 
the world corries the famous Bendix ADF. 
MN-S8 Dual Azimuth Indicator 
MN-62 Radio Compass Receiver 
MN-60 Hermetically Sealed 
Iron Core Loop Antenna 




★ AUDIO 

Complete audio equipment for paging, 
onnouncing, interphone ond passenger enter- 
tainment systems for airlines and executive 

A high fidelity oudio amplifier provides 20 
wotls output with very tow distortion. 

An Interphone Amplifier and Jock Box 
permits selection of eight receiver ond three 
tronsmitter chonnels. (One crew member con 
be on morker beocon . . . another on rodio 
compass ond still onother lolking to pilot etc., 
without cross signal interference.) 

A single package cockpit loudspeaker ond 
omplifier eliminates need for conslont pilot 
and crew use of headphones. 



RADIO BY BENDIX 



★ MARKER 


Accurote . . . simple . . . trouble free. No wonder ttiis 
Marker Beacon is the stondord for oil the great airlines here 
and abroad. Bendix uses o 3-!ighl indicator system. White 
for airway markers . . . omber for inner morkers . . . purple 
for outer. 

High and low sensitivity settings. 

No reloys used. No conloct points to weoi 
or burn out. No springs to vary in tension. No 
coil windings to open. 

MN-53B Marker Receiver for executive 
oircroft. Weighs only ) 1 V4 lbs. 
MN-6IB Marker Receiver — 'A ATR. 

Weighs only 1 3 lbs. 

IN-S Three Light Indicator 



★ VOR 


Complete use of every present VHF novigotionol facility 
, . . with one system. The new Bendix NA-3A VHF Novigo- 
tionol System provides lone localizer (ILS), Visual Omni 
Ronge (VORI, Visuol Aural Range (VAR), and communico- 
llons reception on 280 crystal controlled channels. 

RECEIVER 

Furnishes continuous, cleor novigolionol information . . - 
reliable, static free voice reception under IFR conditions. 

OMNf-MAG 

Presents a constont "moving picture" of the oircrofl's 


position ond heading relotiv 

ANTENNA 

The streomlined ontenno 
horizontally polarized. It is 

CONTROL PANEL 

Finger tip control of the r 
direct reading frequency s 


(SEE NEXT PAGE fOR MORE BENWX AVIATION RADIO 1 


r to the selected course. 

1 this VOR equipment is 
designed for brood bond 


celver is provided by this 
lector. The famous Bendix 


light. 




AND THE LATEST 
FROM BENDIX RADIO 


*DME 


Distance Meosuring equipment has long been needed. 
DME electronical!/ computes distance of on aircraft from 
a combined DME/VOR station. The distance is shown 
directly in miles on a ronge indicator. 

With DMEA'OR oircroft eon now hold at unmorked 
points . . . establish more accurate ETA's ... fly unmarked 
airways , . . moke instrument approaches to fields 
infrequently used under IFR conditions. 

MN*103 — Range Indicator 
MN-102— DME Antenna 
MN'IOl— DME Interrogator weighs 
only 29 pounds. 




FLUSH LOPP 
ANTENNA 


* GLIDE SLOPE 
RECEIVER 


BENDIX* RADIO 

■ AITIMOIIE 4, MARYLAND 


The new Bendix Glide Slope 
Receiver provides the final link 
for complete IIS operation. 

When used with Bendix VOR 
equipment, both localizer and 
glide path informaKon is shown 
on a single cockpit indicotor. 

A single finger tip control panel 
provides simultaneous selection 
of localizer and glide slope 
channels. 


MN.100A-20 Channel 
Clide Slope Receiver 
MN-92A-GIIde Slope 
Antenna 


~Bendi^ THE MOST TRUSTED NAME TRadio 
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THE COVER 

Flight Test Center are mersholled en the 
p-loli 

ore; W Mo/. Cftsriet Veoger, first man 
(0 Hi faster than round,- (B! Mof. fforold 
kusself; (O Col. fred Ajconi; ID) Brig. 
Gen. Stanley Holtorer, ceofer commander; 
IF) Lt. Col. Jack gidler; (f> Mo/. Arthur 
Murror. The alicralt ate: 1) Northrop 
X-4; 21 Conrair XF-92A Delta; 3) North 
American T-2SA; 4> Lockheed F-BO; 5) 
Republic F-B4F; 6) North Aniericon F-S6D; 
7) Northrop F-S9; 8) Lockheed F-94C; 
91 Soelog 8-47; iOJ North Amen'coo 8-45, 
ID Boeing KC-97; W Conroir B-36D. 




A MESSAGE FROM AKDC 

Since the W right Orothern^ achievement iUty yeare ago^ American eeien^ 
lUte and eagineere have met the challenge of flight irllh the neeeasarg per- 
•eceraace, eonroge, and ehlll to eontlnae the progreee of aviation. V. S. 
mUltary arialion hue been an oulHtanding eonlrihufor, and the latest ttep 
tahen by the V- S- Air Force in furthering aviation’# progreaa iraa the 
eatabiiehment in tOUl at a aeparate mayor command at the Vnited Statee 
Air Force, to be called the dir Reaearch and Development Command. 

The challenging mlaalon of the Air Reaearch and Development l:ommand 

To aceompUth thla mlaaion Ike Command must coordinate the work of 
a prodaetive team compaaed of Ihoae in the Air Force, in iaduatry, and in 

Momentoua advaneea are being made in night today. The auceeaa the 
Air Force la having with the high performance of ita piloted aircraft, aa 
with lie pllolleaa aircraft, la reaaaarlag to the Gallon. 

Our air progreaa haa been poaalble In Ike paat and will continue In the 
latnre n-ith Ike teamed effort of gorernmeni, acienee, and Induafrg. 

(P 

O. £. Putt 

l.leutenant General, VSAI' 

Commander, ARDC 
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ARDC Molds U. S. Air Development 

New Command fights the battle for technical supremacy, 
fosters liaison between industry-science team and military. 


A new kind of aii power is in the makin|. Combat aircraft are already 
coming off the drawing boards aimed at speeds of over 1,000 miles an hour. 
Missiles that can bridge the gap between continents are under development. 
Atomic weapons with tire power tliat devastated Hiroshima are now pack- 
aged to fit fighter aircraft and missile warheads. Man has already survived 
at simulated altitudes of more than 100,000 ft. Monkeys have returned 
safely from rocket flights to the fringes of outer space. 

The technological revolution that engulfed aviation during World War 
II has not yet run its course. It is on this rapidly expanding technical frontier 
of aviation that the Air Research and Development Command is fighting 
its share of the battle for air supremacy. 

You can sense the shape and pace of this air power of the future from 
the airmen, officers and civilian scientists of ARDC who are manning out- 
posts on the new technical frontier— in the air-conditioned coolness of a 
concrete missile<ontrol blockhouse half buried in Florida sand ... in the 
cockpit of a B-29 flitting into the fringe of atomic bomb clouds over Nevada 
wastelands ... in the shimmering desert heat of a flight test center where 
pilots first pierced the sonic barrier and have already climbed to 80,000 ft. at 
speeds of more than 1,200 mph. ... in the hot white glare of coral sand on 
a Caribbean island telemeter station ... in the frigid white glare of a float- 
ing Arctic ice island weather research station ... in the staccato fire of rivet 
guns, the clang of structural steel and the snorting of the bulldozers clawing 
out the largest aeronautical test facility the world has yet seen from among 
the red clay and jack oaks of southern Tennessee . . . and in the classrooms 
and laboratories of a hundred odd colleges and universities. 

Emergence of the Air Research and must be pinned on superior strategy 
Development Command as an inde- and technical superiority that can off- 
pendent organization on Apr. 2, 1951, set the effect of the enemy’s mass, 
marked the recognition by USAF top As Russia builds an atomic stockpile 


research and development methods disparity in numbers, the importance 
- • ■ • - ’ -‘ — -lethods of 


of technically superior 


universities." Tliere was also a deep- 
sealed conviction that USAF was 
losing ground in the postwar race for 
technical supremacy and tliat a funda- 


USAF has the dual responsi- 
bility of delivering atomic weapons on 
enemy targets and parrying atomic 

^ thrusts by the enemy, its acute need 

mental and decisive overhaul of its for technically superior weapons sys- 


research and development effort would terns can hardly be over-emphasized. 

■ ary to improve its position. >New Accent on Quality— To do this 

. T... , T. T. - „ .. effectively it became necessary to 

elevate quality, for the first rime in 

_ USAF history, to equal rank with 

despite the fact that the quality of quantity. Because the philosophy of 

American equipment, particularly in the quantity is represented by the Air 
' ' is often ercatlv interior to Materiel Command, and most of the 

^ ,.1 , Anrsr' 


► Quantity Did It-It is generally n 
ognized that tlie war in Europe v 
1 with a superior quantity of a- 


r the nature of the bound to be bitterness and dissension 


enemy will be such that the U.S. 
not hope to match his mass of man- 
power or materiel. Any hope for victory 


when the divorce occurred. Although 
there is still some opposition at lower 
levels in USAF and among some parts 


of the aircraft industry, the wisdom of 
the decision to create ARDC becomes 
more apparent with the passing of 

Because it was part of Air Materiel 
Command, the qualitative viewpoint 
represented by research and develop- 
ment was always subordinate to the 
quantative viewpoint that represented 
AMC’s primary mission of production. 
Just before the split, the Commanding 
General of AMC testified that he de- 
voted 95% of his time to procurement 
problems and only 5% to those of 
research and development. At the same 
time AMC was becoming so large and 
organizationally unwieldly that it be- 
came necessary to split its procurement 
authority into a geographically decen- 
tralized pattern (Avtation Week Aug. 

4, 1952). 

► Two ‘‘Vice Presidents”- Now USAF 
structure more closely resembles that 
of any large industry with separate vice 
presidents for engineering (ARDC) 
and production (AMC) at the same 
level and both reporting to the presi- 
dent and board of directors (USAF 
Chief of Staff and the Air Council) 
for decisions on major policies. 

•At the same time ARDC was es- 
tablished as a separate command, a 
Deputy Chief of Staff for Development 
was added to the Air Staff, tanking 
with the Deputy for Materiel- Al- 
though there remain a number of juris- 
dictional problems between ARDC and 
AMC. there is no longer any serious 
argument either in USAF or the air- 
craft industrv that quality should again 
be subordinated to quantity or that 
one is mote important than the other. 
To do its job properly USAF must 
have both. 

► Air Force Job— USAF has two prin- 

* First, to maintain an effective air 
force in being, capable of immediate 
and powerful action, 

• Second, to provide for a future force 
with performance that is fully abreast 
of the scientific and technological po- 
tential of the times and is technically 
superior to the enemy’s weapons- 

The first mission is primarily that 
of USAF combat commands, supported 
quantatively by AMC and qualitatively 
by ARDC. All of the USAF equipment 
now in production was developed 
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before ARDC existed and some of tliese 
production programs are excellent ex- 
amples of excessive expenditure of time 
and money resulting from flaws in the 
former development pattern. However, 
ARDC also has responsibility for de- 
velopment work and in-senice engi- 
neering on USAF equipment through- 
out its life in the active sers’ice 
inventory. Considerable effort is now 
being s^nt on specific technical fix 
programs required for equipment al- 
ready in production or service. 

The second mission is the primary 
job of ARDC. A sound research and 
des'elopment program is the foundation 
for a good production program. Unless 
quality is achieved first there is little 
point in compounding inferiority by 
multiplication. 

► Budget Fluctuations-.^ major prob- 
lem in developing a sound qualitative 
foundation for future production pro- 
grams is counteracting the effects of 
the annual fluctuations of the defense 
budget. Unless development projects 
and research programs can be planned 
and financed over normal development 
cycles that will insure completion of 
the work involved they will produce 
few tangible benefits. 

A good example of what budget fluc- 
tuations can do to development pro- 
grams is the cunent USAF lack of 
turboprop engines. -Millions of dollars 
were poured into turboprop develop- 
ment but budget fluctuations pro- 
duced a start-stop effect on these 
programs that eventually produced noth- 
ing in the way of an operational 

A solution seems to be stabilization 
of the research and development budget 
over five-year periods and allowing the 
budget fluctuations to be absorbed in 
other areas where the relationship be- 
tsveen world tensions and increased 
budgets is more direct. It would appear 
that a more stabilized budget is prac- 
tical since current R&D expenditures 
are running about a half billion dollars 
annually— less than 20% of procure- 


ment funds and only about 2% of the 
total US.\1' annual budget. 

Mission 

In official language, US.-\F has de- 
fined the ARDC mission as follows; 

■ .\ttain and maintain qualitative su- 
periority of materiel and conduct or 
supervise scientific and technical studies 
required for the establishment of the 

• Seek basic new knowledge from which 
impros’cd aeronautical equipment ma- 
teriel weapons and techniques can be 
developed. 

• Undertake the development and rec- 
ommend adoption of appropriate new 
and improved devices and systems for 
tlie conduct of and support of air 
warfare, including aircraft, missiles, 
weapons, techniques and procedures 
applicable to Air Force purposes. 

"We are trying to function primarily 
as a proper liaison between the mili- 
tary operators who need new and better 
equipment and the scientific brains of 
the industrial and academic worlds who 
can develop it or contribute knowledge 
to the development problems.” says Lt. 
Gen. Donald L. Putt. .\RDC Com- 
mander. 

”.\RDC’s job is not to actually do 
the researcli and dei’clopment job." 
Putt sai's. "For that we relv primarily 
on industry, universities and civilian 
research organizations, Our job is to 
tell these groups the problems the Air 
Force wants to solve and to program, 
finance, monitor and eialuate the work 
necessarv’ to soh’c them. In turn we 
keep the Air Force informed on the 
kind of equipment they are likely to 
get at any given time because of the 
'state of the art' in any particular 
field.” 

► Help From Outside. The onlv re- 
search and development work ARDC 
does in its own facilities is that neces- 
sary in support of its test facilities or 
work to advance the state of the art 
in fields where industrial or academic 
sources are not sufficiently interested 


to tackle the job. ARDC now spends 
S7% of its R&'D money with civilian 
contractors. This contrasts with 65% 
spent by the Na\'v and -15% by the 

.^ROC is trs'ing hard to avoid build- 
ing a large military overhead; wherever 
possible, it is relying on civilian organi- 
zations which usually liave more of the 
flexibilit}' necessars- in technical work, 
more and better trained personrrel, and 
a continuity that is lacking in military 
organizations and is so necessary in 
scientific and technical work. .\RDC’s 
policy toward industry is; 

• Encourage new s^nicnts of industry 
to become interested in .\ir Force 
problems. 

• Give industry more responsibility for 
des’elopment work. 

• Keep industry better informed on 
USAF problems and requirements. 

• Create and operate development test 
facilities that iiidustrs' needs for USAF 
work, but which are too expensive for 
any individual industrial group to 
finance and support. 

-Another wav in which .ARDC is 
attempting to avoid building a large 
military overhead is by getting civilian 
contractors to operate its major test 
facilities whercs’et feasible. The Arnold 
Engineering Development Center is 
operated by .Arc, Inc., a .subsidiary of 
Sverdnip & Parcel. St. Louis consult- 
ing engineering firm. Instrumentation 
for the Joint Armv-Air Force Missile 
Range at .Alamogordo. N. M.. is oper- 
ated and maintained bv Land-Air. Inc., 
a civilian electronics contractor. 

-ARDC is currently negotiating with 
Pan .American World Airways and 
Radio Corporation of America to oper- 
ate the 1.000-mile missile test range 
in the Caribbean. 

ARDCs Work 

Most of ARDC’s work falls into the 
following categories: 

► Basic Research— Basic research is cur- 
rentlv a S5-million annual program 
aimed at attempting to refill the leser- 
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vpit of basic knowledge in the physical 
sciences that was virtually drained dur- 
ing the frantic development work of 
World War II. It is administered 
largely by the Ofhee of Scientific Re- 
search, The bulk of this work is done 
under contract by university scientists 
and civilian research oiganizations. A 
small portion of the work is done in 
.'\RDC centers. 

Basic research is one of the most 
important parts of the ARDC program 
and perhaps the hardest to sell to 
higher-level Defense Department offi- 
cials and Congress because it offers no 
specific promise of new hardware. Yet 
such vital items of new hardware as 
radar, atomic bombs and electronic 
transistors were possible only because 
of basic research in their fields that at 
the time held no hope for the ultimate 
products and was not even aimed in 
their direction. 

.Another example is the basic re- 
search done on the behavior of a bull’s 
sperm which cvenhiallv led to the dis- 
covery of a drug that' can prevent fa- 
tigue for specific time periods. The 
value of this for long-range bomber 
crews and fighter pilots is obvious, yet 
it is easy to imagine the irate snort of 
a mem^r of the House Appropriation’s 
Committee when asked to approve an 
item for bull sperm research in the de- 
fense budget. 

During the 83rd Congress an 
ARDC contract with Harvard for a 
study of the Russian social svslem was 
widely denounced as "boondoggling.” 
Jet the lack of such basic knowledge of 
the Geiman and Japanese social svstems 
m World War II cost the lives of many 
aiimen, the unnecessary expenditure of 
millions of dollars of equipment and 
prolonged the war. 

One of the lessons learned from the 
German scientific success in guided 
missiles and failure in electronics was 
the v^lue of applying all of the basic re- 
search knowledge produced by the uni- 
versities and colleges to specific pro- 
grams. ARDC is not only tapping the 
best scientific brains in this country but 
IS also reaching out to use intell«tual 
resources on the right side of the Iron 
Curtain in Europe. 

R^^tch-This is currenflv a 
53«-milhon annua? program of which 
»;>% is spent by contractors. It includes 
both research aimed at specific "state 
or the art advancements and develop- 
ment work against specific military ri 
qui^ents. The ARDC laboratories at 
Wnght Air Development Center, Rome 
Air DeyeloMent Center and Cam- 
bndge Air Force Research Center do 
the applied research not farmed out to 
contractors. Applied research is all 
aimed at the eventual production of 
hardware necessary for the Air Force 
to perform its missions. 


► Testing— ARDC is now engaged in an 
expensive and extensive effort to make 
up for the lost postwar time in provid- 
ing the type of development testing 
facilities required by industry and the 
Force for the new spectrums of 
aeronautical performance, .^though 
the dollars now piled up in a backlog 
of tardy construction programs is large 
enough to make congressmen squirm, 
it represents false economy to continue 
delaying these vitally needed facilities. 

In the five years tfiat construction of 
ihe engine test facilih’ at AEDC was 
delayed by political football, USAF 
lost more than its cost in the poor per- 
fomiancc of one of its jet engines at 
altitude. During this period there were 
no adequate higli-altitudc engine test 
facilitie.s in which to work out the 
"bugs" that were destroying both ex- 
|)cnsivc aircraft and expensive pilots. 

The tj-pe of facilities required for 
testing modem air weapons svstems are 
so large and complex tliat no company 
ill the aircraft industry' could afford to 
build or operate them individually. For 
guided missiles, a fully iiistiiimented 
range at least 1,000 miles long is now 
required. For rocket engines alone, 
something that will anchor a million 
pounds or thrust will soon be required. 
For experimental supersonic aircraft, 
runways 15.000 ft. long for takeoff and 
10 to 15 miles long and a mile wide for 
safe emergency landings are required to 
do the job properly. 

USAF, tnroiigh ARDC, is financing 
the construction and operation of such 
types of facilities and will offer their 
use to contractors who are developing 
hardware for US.\F weapons systems. 
Among these facilities in operation or 
under construction are: 

• Vi'indtunnels for testing transonic 
and supersonic aircraft and their pro- 
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pulsion svstciiia at altitudes up ot 80,- 
000 ft., at AEDC. 

• Long-range missile test range with 
1,000 miles of fully instrumented range 
and a T,500-ft. landing strip where mis- 
siles can be safely recovered after a 
2,000-niilc flight, at Patrick AFB. 

• Short-range missile test range for early 
test work involving maneuverability, 
lecovety and air-to-air operations, at 
Holloman AFB. 

• Rocket test center that can handle 
motors of half a million pounds thrust 
now, and eventually can test a million 
pounds thrust, at Edwards AFB. 

• Supersonic sleds operating on pre- 
cision railroad tracks for highspeed test- 
ing of aerodynamics, auxiliary equip- 
ment and decclleration at Edwards and 
Holloman. 

• Annament range for testing rockets, 
bombs, air-to-air missiles and new types 
of aircraft cannon, fire control svstems, 
etc., at Eglin AFB. 

• Flight test center for highspeed air- 
craft. with 350 flying days a year, take- 
off runway of 15,000 ft. and a solid 
strip 22 miles long and a mile wide for 
S'jfe emergency landings, at Edwards. 

.After ARDC has researched, de- 
veloped and tested a weapons svstem, 
it goes to the Air Proving Ground 
Command, an independent ageiics-, for 
proving out to determine its suitability 
as a weapon ready to be used Iw the 
combat commands of USAF. 

Because .so much of the des'elopment 
on aircraft is done after production has 
begun. .ARDC now has the engineering 
responsibility for all changes in the air- 
craft or equipment that affect the 
quality of its performance throughout 
the life of the equipment in the USAF 
active service inventory. This is at 
present a bone of contention between 
.ARDC and AMC. This concept mav 
be modified from its present "cradle 
to grave” cycle to something approach- 
ing "cradle to maturity,” with engineer- 
ing responsibility sssitching completely 
to AMC once an item of equipment 
has left its major development behind. 
This would cover a variety of USAF 
"cats and dogs” such as C-46s, B-29s, 
B-25s. C-45s. P-5Is and others still in 
the active inventory but with no signifi- 
cant development left in their tired old 
airframes. 

► Other Jobs— ARDC has also been 
given two other jobs in line with its 
qualitative mission, 

Tliey are: 

• Engineering standards. ARDC takes 
engineering specifications proposed by 
manufacturers of every type of USAF 
equipment, from B-52 bombers to 
office chairs, and revises and approves 
them as a standard for AMC prociire- 

• In-sctviee engineering. ARDC now 
handles all Unsatisfactory Reports from 
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USAF field units that toiit.iin (ccimical 
complaints. These are handled through 
Wright .Air Daelopmcnt Center via 
;i decciitraliaed system that fits .AMC’s 
decentralized materiel areas. WADC 
lias a technical representative at each 
of the 12 AMC materiel area head- 
quarters to handle URs on equipment 
procured through the air materiel area. 

Originally a bottleneck developed 
when WADC laboratories tried to 
handle the URs. but now the inajoritv' 
of them arc farmed out to mainifac- 
turers of the equipment invohed for 
solution with WADC monitoring. In- 
creasing reliance on the industry to 
handle UR's has cut the average time 
it takes to get a “fix” to 30 days from 
an earlier average of 120 davs. 

Orgonization 

•ARDC headquarters is the nen-e cen- 
ter of the new USAF fcclinical devel- 
opment program. It is now located in 
two downtown office buildings in Balti- 
more. Md., but there are plans for 
building a permanent lic.idquarters on 
the edge of Friendship .kirport. south 
of Baltimore. 

One of the considerations in locating 
at Baltimore was that it would enable 
•ARDC to maintain close liaison with 
USAF headquarters and other inilitarv 
research orgaiiiz-itions without taxing 
the already overloaded inilitari' instal- 
lations in the Washington area. 

ARDC headquarters is organized 
along the same functional lines as 
USAF headquarters, with the exception 
of three offices which arc peculiar to 
ARDC mission. Thex- are: 

• Office of Scientific Research, now 
headed by Col. Olivet O, Ileswood. 

Jr- 

• Office of the Assistant for Opera- 
tional Readiness, now lie.idcd bx' Col. 
Joseph R. Holzapple. 

• Office of the Deputx for Dcvelo])- 
ment, now headed bv Brig. Ccii. Floxd 
B. Wood. 

AA'ork of OSR is dc.scrilxrd in article 
starting On p. 87. 

► Readiness Teams— The Assistant for 
Operational Readiness reports directlv 
to ARDC and heads a group of "tra- 
veling salesmen” xviio maintain ex- 
tremely close liaison bctxvecn -ARDC 
and the operational US.AF commands 
that use xxeapons and 5up|Jortiiig sy'- 

Therc is a team from this office xvorlr- 
ing with every major user command: 
Strategic Air Command, Tactical Air 
Command, Air Defense Cnnimaiid, 
Air Training Command, and Military 
.Air Transport Service. 

Team’s job is to get tlic ideas of 
operational personnel doxxn to xviiig 
and squadron level "cranked in” to 
ARDC’s technical thinking and to keep 
the user commands conversant with tin- 


"state of the art” in their particular 
fields of interest. Operational Readi- 
ness maintained a permanent liaison 
team xx'ith USAF combat units in 
Korea during tlic xx'ar there and sends 
special missions to overseas theaters 
on specific operational problems. 

► Dex'clopmcnt .Activities— There is a 
conx'entional Deputy for Operations on 
the ARDC staff, to handle nonnal 
housekeeping and management func- 
tions leax'ing the Deputy for Dex'clop- 
incnt free to handle the technical pro- 
gram of the Command. The character 
Ilf ARDC’s development activities can 
readily be discerned from the signs on 
the office doors of section chiefs under 
the Deputy for Development. Tlie 
Weapons Systems Division has the fol- 
lowing subdivisions: 

• Strategic Combat Systems. 

• Tactical Combat Systems. 

• Air Defense Svstems. 

• Air Logistics and Training Systems. 

• Reconnaissance, Intelligence and Psy- 
chological Warfare Systems. 

► Technical Directorates— Tliese offices 
are responsible for svstems develop- 
ment in their particular field and draw 
< II the .seven technical directorates for 
specific developments in their fields to 
support the xveapons system develop- 
ment programs. 

'ITie tecliiiical directorates are: 

• -Aeronautics and Propulsion. This 
directorate is divided into two sections. 
Tlic aeronautics section handles aero- 
dynamics. structural development, de- 
sign criteria, landing gears, controls 
and actuating sx-stems. escape systems 
and misedlancoiis development. The 
propulsion .section handles piston and 
gas turbine engines, nuclear propulsion 
fuels lubricants, and engine accessories. 

• .Armament. This directorate Operates 



I.t. Gen. Earle Partridge came from Korea 
to command ARDC. 
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in four sections— systems engineering, 
air ordnance, special weapons and 
foreign development. It covers offen- 
sive and defense armament systems, fire 
control systems, nuclear weapons, gun- 
sights, bombing and navigation systems, 
air-to-air and air-to-ground missiles, etc. 

• Electronics. Tliis includes airborne 
and ground radar, communications and 
navigational aids, electronic counter- 
measures, and special electronic deviecs. 

• Equipment. TFiis directorate handles 
the widest variety of projects in .ARDC. 
It has six subdivisions: 

1. Ground equipment, which includes 
all airbase support equipment such as 
refueling vehicles, tractors, snow plows, 
riinxx’ay lighting sy.stcms. hangars, xveap- 
ons and missile support equipment and 
Ir, lining equipment. 

2. Airborne equipment, xxiiicli includes 
all airborne instruments, airborne elec- 
trical and mechanical systems, integr.il 
cargo loaders and tic doxxm systems. 

Uniform and personnel equipment, 
which includes clothing, rescue and 
survival equipment, parachutes and 
miscellaneous equipment. 

•(. Photographic equipment, wliich iu- 
tliidcs photo laboratories, both fixed 
and portable, mapping and ch.irting 
equipment- and photo-rceon equip- 

5. Meteorological equipment, which 
includes all kinds of weather observ- 
ing. recording and correlating equip- 
ment. except those types assigned to 
the Air Weather Service, 
fi. Material, which docs all the applied 
research on all tvpes of materials used 
by USAF. _ 

• Geophysics. JV’ork in the field of 
terrestial sciences and atmospheric 
physics and forecasting is aimed not 
onix- for use in xveather work but also 
for the effects of the atmosphere on 
actual operations of missiles, aircraft 
and communications. 

• Human factors. Tills directorate op- 
erates in three scction.s: 

1 . .-Acromcdical sciences, including avia- 
tion medicine, protective equipment and 
bio-medical aspects of radiological and 
chemical xvarfarc. 

2. Human engineering, including de- 
sign. dex-clopment and field cvaluaMoii 
xvork to match airmen and their eqiii;> 

3. Human resources, including socijl- 
psvchological xvork to improve human 
relations and morale, utilize manpox»-er 
more efficiently and improve training 
methods. 

-•\RDC has also reccntlv acquired 
three field stations tliat have been 
working the Ininian factors field. They 

1, Human Resources Research Institute 
at Maxxx'cll AFB, commanded by Maj. 
Gen. Franklin O. Canoll, This center 
xvorks in the field of cultural research. 
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studying the individual in relation to liis 
environment, Specific fields include 
psychological warfare, strategic intelli- 
gence and counter-intelligence and 
morale factors. Dr. Carroll L. Shartle 
is director of research. 

2. Human Resources Center at Lack- 
land AFB. commanded bv Col. Herbert 
Cowles. This center covers the entire 
field of pvschological research aimed at 
developing better methods of person- 
nel classification, training and job pro- 
ficiency measurement. 

3. Human Factors Operations Labora- 
tory at Bolling AFB, headed bv Karl D. 
Krytcr. evaluates the human factor.* 
under actual operational conditions en- 
countered by air crews in specific air- 
craft and operating specific airborne 
equipment. 

• Nuclear applications. This directorate 
is concerned with testing of atomic 
weapons and their effectiveness; defen- 
sive measures against atomic attacks and 
the best methods of employing fission- 
able materials in warfare. 

ARDC also is responsible for the 
Armed Services Technical Information 
Agency (ASTIA) located at Dayton. 

Procurement 

USAF has defined the procurement 
responsibilities of .^MC and ARDC 
so that the former buys all standard 
USAF equipment required by ARDC 
and ARDC buys all non-standard 
equipment peculiar to its mission. In 
practice this now means that ARDC 
buys all of its research and its develop- 
ment in the field of armament. On 
major weapons svstems and specific air- 
craft development, ARDC assists in 
selection of a contractor but AMC 
writes the contract. For standard tvpe 
USAF equipment required by ARDC, 
the individual ARDC centers initiate 
procurement requests which are tun- 
neled through the Director of Procure- 
ment at ARDC headquarters. Col. 
Robert Martin, and then to AMC for 
processing. 

Buying of research and development 
differs sharpiv from buying production 
hardware and ARDC is tning to tailor 
special methods best suited for its tyqje 
of procurement within the framework 
of the armed services procurement 
laws. 

For example, since research con- 
tracts buv primarily the time and effort 
of specially talented individuals or or- 
ganizations. the primary consideration 
in picking a contractor are his qualifi- 
cations rather than price. The primary 
problem in buying research is to select 
the most qualified source to do the 
particular investigation required. ARDC 
now uses a conference-type negotiation 
in which prospective contractors are 
briefed on the technical requirements 
and funds available for the project and 


requested to submit proposals. ARDC 
technical officers are responsible for 
evaluating tire proposals and ARDC 
procurement officers are responsible for 
fitting the proposals within the frame- 
work of existing USAF procurement 
regulations. 

Fixed-price corrtracts are generally 
not suitaNe for buying research. Cost- 
plus-fixed-fee ty pes are used when a 
fixed des’clopment goal is sought, while 
a target-ceiling-type contract is gener- 
ally used when the project requires 
initial exploration of a subject and no 
fixed goal is in sight. In the target- 
ceiling contract, the contractor is given 
a dollar ceiling within which to work 
for a specified time period with provi- 
sion for redetermination at the end of 
the period. If the contractor exceeds 
the dollar ceiling, he stands the extra 
cost; if he is below the ceiling, part 
of the difference is added to his fee. 

To understand the present struc- 
ture of the USAF research and des’el- 
opment effort and the problems facing 
.\RDC it is necessary to take a back- 
ward look to see how the present race 
for technical superiority developed. 

Before World War II, the Army Air 
Corps procurement effort was so small 
and its inventory turn-over so slow that 
few industrial groups outside the air- 
frame and engine industry were inter- 
ested in doing aviation work. 

Turnover of the prewar Air Corps in- 
ventory was so slow that planes deliv- 
ered in 1927 were still being flown as 
first-line fighters and bombers 10 years 
later. Now the swift pace of technical 
development has dictated a threc-ycar 
turnover in USAF inventory of first-line 
aircraft, with an additional three years 
of setx’ice in the second line— Reserve, 
National Gu-atd and tr.iining iinits. 



Trevor Gardner, Special Assistant for Re- 
search and Development on USAF Secre- 
tary’s staff. 


► Was Just in Time— NVhen the war be- 
gan in Europe in 1939 the first aerial 
combat indicated clearly that both Brit- 
ish and German production-model com- 
bat planes were superior to those then 
coming out of U. S. aircraft factories. 
An attempt to organize a large-scale 
technical dc\elopmcnt program soon 
.succumbed to the pressure for quantity 
production to produce an Air Force in 
being. 

The wartime vears saw the continued 
emphasis on quantity production at the 
expense of quality. A series of costly 
post-production modification programs 
that bclatedlv attempted to build in the 
quality required for combat that had 
been neglected on the production line 
were required for most Army Air Forces 
planes. 

The end of the war revealed clearly 
that it had been won just in time since 
the Germans were bringing into play 
technicallv superior weapons that the 
AAF would have been unable to match. 

Getting Started 

The late Gen. 11. H. "Hap” Arnold 
was an early missionary for increased re- 
search and development in the Air 
Corps and pioneered the use of civilian 
scientists to advise the Army Air Forces 
on technical methods of solving their 
military problems. Late in 1944 he 
roused Dr. Tlieodorc von Karman from 
a sickbed in New Jersey to fly to Europe 
and make a sureey on enemy technical 
des'elnpments in relation to those of 
the Allies. 

In two reports, "Where We Stand” 
and "Science: Key to Air Supremacy,” 
Dr. von Karman detailed where the 
AAF had lagged behind the Germans 
in technical dcs’elopmcnts and what it 
must do to recapture the lead in the 
race for technical superiority. 

While U. S. had been superior in the 
fields of electronics, atomic weapons 
and the perfection of the laminar-flow 
wing for subsonic aircraft, the Germans 
clearly led in jet propulsion, rockets, 
guided missiles and supersonic aerody- 
namics. On the basis of the research 
of that time Dr. von Kamian flatly pre- 
dicted that the era of supersonic flight 
was just around the comer. 

► LeMay Takes Over— To implement 
Dr. von Karman’s recommendations, 
Gen. .Arnold brought Gen. Gurtis Le- 
May, who he characterized as the AAF's 
"finest combat leader.” to the Pentagon 
to take the newly created role of Direc- 
tor of Rcsc-irch and Development on 
the Air Staff. IxMay fought a valiant 
battle for two years but the pressure 
for a force in being agiiin submerged the 
effort to build future quality. 

Before he left for the Strategic Air 
Command. Gen. LeMay had accom- 
plished two significant things; 
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• He had established lire Rand Corp-, 
which still provides scientific guidance 
for USAF 00 military problems. 

• He organized the Air Force Institute 
of technology to train the combat vet- 
erans of World War II in the technical 
problems of tomorrow. 

► Birth Pangs— When USAF was cre- 
ated as a separate service, its immediate 
problems of divorce from the Array 
tended to obscure the critical technical 
problems it faced for the future. These 

• Lack of adequate development test- 
ing facilities for the new generation of 
aircraft and missiles- During World 
War II the U. S. was so short on aero- 
nautica! test facilities that the basic 
aeronautical research facilities of the 
National Advisory Gommittce for Aero- 
nautics were drafted to do the critical 
development testing for specific fixes 
on Air Force and Navy aircraft required 
for the war. The few facilities operated 
by the Air Force and Navy were hope- 
lessly obsolete to cope with the post- 
war technological revolution in aviation. 

• Lack of adequately educated and 
trained personnel in the technical 
fields required for the new era of avia- 
tion. A survey of Wright Field officers 
bolding technical posts within AMG in 
1947 revealed that 60% did not have 
the necessary technical qualifications to 
even qualify them for entrance to the 
Air Force Institute of Technology— the 
school that was supposed to train peo- 
ple for the jobs they were already filling. 

• Lack of adequate priority, funds and 
command of the research and develop- 
ment facilities already existing. The 
Wright Field technical laboratories were 
under AMG. The Special Weapons 
Gommand, the Arnold Engineering De- 
velopment Genter and the Long Range 
Missile Proving Ground were all inde- 
pendent organizations. TTie electronics 
laboratories in New Jersey and Massa- 
chusetts were operating as exempt fa- 
cilities with their own procurement au- 
thority although nominally under AMC 
control. 

► "Old Shoes”- The aircraft industry 
was in a state of revolt because there 
were no development funds to push for- 
ward into the technical gaps already 
yawning in highspeed aircraft, jet pro- 
pulsion and guided missile fields. Al- 
though the first piloted supersonic flight 
was made in the fall of 1947 as a mile- 
stone in the brilliantlv planned and 
executed highspeed flight research pro- 
gram of USAF, Navy and NACA, there 
were no funds for new aircraft proto- 
type development from 1947 to 1949- 
New aircraft development had to be 
financed out of production funds by 
modifying subsonic types already in 
production or “resoling old shoes," as 
one industry veteran cynically described 

"rlie Defense Department Research 
August 17, 1953 


and Development Board became known 
as the “Retardation and Delay Board,” 
as its 16 committees, 174 panels, 284 
sub-panels and 3,000 special consultants 
debated endlessly witnout decisive ac- 
tion. Prominent civilian scientists seri- 
ously proposed that the research and 
development functions of the defense 
department be turned over to civilians. 

► Ridenour Committce-By 1949 the 
research and development issue had be- 
come a hot controversy both in the 
Air Force and the Defense Department, 
where Defense Secretary Louis John- 
son was preaching his doctrine of false 
economy. Gen, Vandenberg, then 
USAF Ghief of Staff, appointed a com- 
mittee of the USAF Scientific Advis- 
ory Board, headed by Dr. Louis N. 
Ridenour, then Dean of the University 
of Illinois Graduate School, to study 
the USAF problem. 

A significant member of this group 
was Dr. James Harold Doolittle, who 
combined distinguished service as an 
aeronautical scientist, USAF combat 
commander and industrial leader. Later 
as Special Assistant on Technical Mat- 
ters to the USAF Chief of Staff, Doo- 
little played an important role in the 
establishment of ARDC and the explan- 
ation of its philosophy to the aircraft 
and related industries. 

► Development Deficiencies-Tlie Rid- 
enour Committee report noted the 
following deficiencies in the USAF de- 
velopment program; 

• Too low a priority, both on the Air 
Staff and in USAF operational com- 
mand, was assigned research and de- 
velopment activities. 

• Research and Development activities 
were diffused throughout the Air Force 
with no single responsible agency either 
at the staff or command level. 

• Too few officers and civilians in the 
Air Force had the proper technical 
qualifications. 

• USAF facilities were inadequate for 
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both the research and development ef- 
fort required to keep up scientific pace. 

► Rccominendalions - The committee 
recommended that a research and de- 
I’clopment command be established in 
which all of the USAF R&D mission 
and facilities should be concentrated. 

A similar study was also made by an 
Air University group composed of mili- 
tary experts headed by Maj. Gen. Or- 
ville Anderson. Their conclusions were 
substantially the same as those of the 
Ridenour Committee. 

On Jan. 3, 1950, the late Gen. Muir 
Fairchild announced to an Air Staff 
meeting that a Deputy Chief of Staff for 
Development would be appointed, and 
the Air Research and bcvelopment 
Command would be activated. Maj. 
Gen. Gordon Saville was named first 
Deputy Chief of Staff for Development. 
Lt. Gen. L. C. Craigie now fills the post. 

Maj. Gen. David Schlatter was 
transferred from the USAF atomic 
weapons program to organize the new 
command. Later a special civilian post 
was created for a research and develop- 
ment advisor to the Secretary of the Ait 
Force. This position is now filled by 
Trevor Gardner. 

► .ARDC Takes Ovet-The process of 
unsticking the major components of the 
new ARDC from AMC dragged out for 
over a year. Not until long after the out- 
break of war in Korea svas the command 
finally activated as an independent or- 
ganization on Apr. 2, 1951. 

A few months later the appearance of 
the Russian-designed and -manufactured 
MiG-15 and La-17 ssveptwing jet fight- 
ers over North Korea served notice that 
the Soviets were not lagging in modem 
aircraft development. 

During the past two years, under the 
command of Lt. Gen. Earle Partridge, 
ARDC has gradually been given con- 
trol of the previously scattered USAF 
research and development units. Gen. 
Partridge was recently named deputy 
USAF Chief of Staff for Operations and 
was succeeded at ARDC by Gen, Putt. 

The Ridenour report warned USAF 
that it would be at lea.st five years after 
establishment of a new research and de- 
velopment command before any prog- 
ress could bo noted. In the two years 
of its existence, ARDC has made sub- 
stantial progress toward eliminating 
major defects that threatened USAF 
technical progress with stagnation. It 
still faces many unsolved problems, 
some inherited and some inherent in 
the swift technical pace of modern air 
power. 

The real imnorfance of .ARDC lies 
in the fact that it has been created, or- 
ganized and is working to put the tech- 
nical future of US.AF on a sounder 
foundation, llow well it will do this 
job onlv the future can tell. But few 
will denv ARDC has made a significant 
start. 
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Weapon System Plan Spnrs Development 

New military-industry relationships foreshadowed by single 
prime contracts, revised design study procedure and JPOs. 


Success or failiue of the Air Research and Development Command will 
be measured primarily by the quality of the new weapons developed under 
its auspices and the speed with which these weapons progress from the 
drawing board to combat units. 

ARDC. with USAF approval, has already initiated a program aimed at 
compressing the development cycle; raising the qualitv of USAF weapons 
closer to the current technical “state of the art”; and cutting the cost required 
for weapons development. 

While these steps will require another three to five years before their 
effects can be accurately gauged they foreshadow significant changes in the 
aircraft industry’s future methods of doing business with the Air Force. 
They have also altered relationships between prime contractors, components 
manufacturers and suppliers within the aircraft industry, 

Tlie ARDC weapons development tions for weapons system contracts even 


program includes: 

• Weapons system concept. Tliis aims 
at producing a complete weapons sys- 
tem including all of the equipment re- 
quired to perform a specific military 
task instead of simply an aircraft with 
miscellaneous assortment of hardware 
that must be jiggered into a combat 
system in the field with some parts in- 
compatible or missing. 

• New design competition procedure. 
Instead of giving the industrv a de- 
tailed specification for a new aircraft or 
missile, the procedure emphasizes the 
military requirement to be met and 
relies on the industrv to produce a 
technical solution. It plans to compen- 
sate the industry for ih preliminary de- 
sign proposal work in providing solu- 


though the individual firm does not w 
the systems development contract. 

• Single prime contractors. ARDC 
plans to buy the management talents 
of the aircraft industry in organizing 
and scheduling weapons svstem de- 
'•clopment as well as its technical skill 
in developing the system. 

• Joint project office. Establishment of 
the Joint Project Offices at Wright Air 
Development Center provides the in- 
dustrv- with a single focal point for its 
relations with USAF during the de- 
velopment cvcie of a w eapons system. 

• Controlled production buildup. This 
plan has been endorsed by ,M(DC 
and .^ir Materiel Command, and ap- 
proved by the Ait Council. It calls for 
production tooling and initial produc- 


tion at relatively low rates to produce 
a la^er number of test models. It defers 
quantitv production until sufficient data 
is obtained from the development test- 
ing program to insure elimination of 
major ‘'bugs" that inevitably plague new 
aircraft and related equipment. 

► Missile Problem— This program de- 
veloped out of the bitter experience of 
USAF in World War II and has been 
sharplv spurred by the technological 
revolution that hit aviation in the post- 
war vears. The advent of guided missiles 
and supersonic aircraft made it evident 
that new development methods were 
required. Much of the pattern of the 
present development program first 
emerged when USAF faced the missile 
problem in the early postwar years. 

• Since there was no previous missile 
experience the military could only state 
their requirevnent and rely on Ae in- 
dustry to produce technical solutions. 

• A missile by its very nature had to be 
a complete weapons system and had to 
be approached from that angle. 

• Since there was no missile industry 
in existence the contractors pioneering 
the field had to be given complete re- 
sponsibility for systems development. 

• And since it appeared that missiles 
would be a onc-shot affair it was neces- 
sary to manufacture a substantia! quan- 
titv for testing during development 
before a decision could be made on the 
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final equipment for quantity produc- 

► Weapons Systems— US.\F is develop- 
ing its new weapons as a complete sys- 
tem that will include all of the equip- 
ment needed to do a specific military 
mission. Development and production 
is scheduled so that all parts of the 
system are available and workable when 
the system is scheduled to go into use. 

"You can think of the entire USAF 
as a large complex weapons system 
which is in turn a subsystem of the 
entire Defense Department,” says Col. 
Ernest Ljunggren, head of ARDC’s 
Weapons System Division. “Each com- 
mand within USAF is a lower sub-sys- 
tem and each weapons system within 
the Commands a still lower sub-system. 
Each sub-system must operate within 
the restraints imposed by the next 
higher system. 

"For example, USAF must operate 
within the limits of critical materials 
that will be allocated to it by the De- 
fense Department. Weapons systems 
must utilize a certain percentage of 
standardized parts because of the logisti- 
cal restraints imposed by US.\F opera- 
tions as a whole. It is the job of the 
contractor to develop the optimum 
weapons system within the restraints 
imposed by the next highest system. 
We don’t plan to optimize the system 
at the expense of its components nor 
optimize the components at the ex- 
pense of the system." 

► Supersonic Problem— The achieve- 
ment of supersonic flight in piloted 
planes made the applications of the 
weapons system concept mandatory 
to future aircraft development. 

"We can no longer afford to order 
an airframe and then try to stuff it 
with government furnished equipment 
developed separately under separate 
contracts," says Col, H, A. Boushev, 
chief of the Weapons System Division 
.it Wright Air Des'elopment Center. 
"From now on the faster aircraft go, the 
more exactly we must tailor our power, 
aerodynamics, guidance and firepower to 
fit each other in a single airframe pack- 
age. You just can't consider less than 
the whole problem and be successful.” 

Another significant facet of the wea- 
pons svstem concept is the recogni- 
tion of realistic development scheduling 
problems and the necessity for realistic 
planning to have all of the components 
of the system readv for production at 
the same time so that the industry can 
produce and deliver combat-ready equip- 

"We must recognize that it takes 
from seven to ten years to develop a 
new lire control, bombing and naviga- 
tion system or powerplant type whereas 
an airframe can be developed in 2 to 
3 vears," says a top civilian technician 
long associated with aircraft develop- 
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ment. "In M'orld War II, the techni- 
cal ingenuity of the combat units in 
the field enabled them to modify the 
equipment we gave them to fill in the 
gaps and do the fighting job. 'I’his 
saved the system from collapse. But 
modern aircraft arc too complex to be 
modified in the field. They must be 
riglit when they roll off the production 
line equipped with all the hardware 
they need to do a military job.” 

► World War II Tries— Iiiitial attempts 
to apply a systems approach to aircraft 
development were made during the 
latter phases of World ^Va^ II with 
tlie B-29 as a strat^ic bombing system 
and the Northrop P-61 as an all- 
weather fighter system with components 
requited for the combat mission tailored 
specifically to the aircraft. 

The first significant stride in the 
direction of the present weapons sys- 
tem concept was made in the summer 
of 1949, when Maj. Gen. Gordon 
Savillc, then Director of USAF Re- 
quirements, backed by the late Gen, 
Muir Fairchild, then US.^F Vice-Chief 
of Staff, called in the aircraft industry 
to the Pentagon for a briefing on air 
defense problems of the future and 
asked the industry to provide technical 
solutions. 

Tliis resulted in the all-weather inter- 
ceptor competition won by Convair 
with the F-102 design. The interceptor 
development nas handled essentially as 
development of two separate systems; 
the aircraft by Convair and the fire con- 
trol, electronic guidance and offensive 
armament system by Hughes Aircraft. 

Out of this grew the full-scale sys- 
tems concept now being applied to the 
development of strategic bombing sys- 
tems, tactical combat systems, air de- 
fen.se systems, aerial logistics systems, 
and strategic reconnaissance and intelli- 
gence systems. 

► ludustry’s Reaction— There was con- 
siderable aircraft industry opposition 
to the introduction of tlic weapons 
svstem concept and the proposal to 
utilize a single prime contractor to 
assume systems development responsi- 
bilify'. But so far Consair, Douglas. 
Boeing, Lockheed, Martin .and others 
liave o^anized systems engineering 

Convair has also revamped its divi- 
sion organization and management on 
a weapons systems basis with the Ft. 
Worth Di'ision assigned responsibility 
for strategic bombing, aerial recon- 
naissance and aerial logistics systems, 
and the San Diego Division charged 
with handling air defense systems and 
Navv water-based aircraft systems. All 
of these activities are coordinated by 
a special long-range planning group 
charged with keeping top management 
informed on technical trends and mili- 
tarv requirements in the systems fields. 
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►AREtC as Monitor— The key to the 
systems development is the new pro- 
cedure dev eloped by ARDC and ap- 
proved bv USAF for handling new 
weapons development. Basically it calls 
for USAF to define the military prob- 
lem for wliich it requires a solution and 
then to rely on the industry to produce 
tlie best technical answers. ARDC's 
role is to monitor, evaluate and super- 
vise the development program and, 
with Air Materiel Command, recom- 
mend and select competent indus- 
try management-teclmical-production 
teams to do the job. 

Here in detail is how this new pro- 
cedure works. The process begins wiA 
the writing of a Development Planning 
Objective by the Director of Develop- 
ment Planning (now Brig. Gen, B. k 
Schriever) in the office of the Deputy 
USAF Chief of Staff for Development 
(now Lt. Gen. L. C. Craigie). 

The DPO is the broad qualitative 
analysis on which initiation of requests 
for new weapons systems is based. It 
includes a survey of strategic, logistic 
and technical considerations; a study 
on the feasible time limits for the 
system development; and outlines new 
research and development programs 
that may be required for long lead 
time components such as bombing and 
navigation systems, engines and elec- 
tronic fire control systems. 

.M3.DC through its technical direc- 
torates and systems offices and centers 
assists the Deputy for Development in 
determining technical feasibility and 
the Rand Corp. makes studies on mili- 
tary problems involved, 

► Operational Requirement— The de- 
velopment of a specific weapons system 
is initiated bv a General Operational 
Requirement in which USAF head- 
quarters states the military pnablem it 
wants solved and requests ARDC to de- 
velop a solution. Included in the GOR 
are such factors as: types of missions 
the system must perform; types of 
targets it must attack; the environment 
in which it must operate; the enemy 
capabilities it must surmount; and 
logi.stical requirements and limitations. 

-ARDC again draws on its technical 
directorates, weapons svstem offices and 
centers to organize a DesiCT Study 
Directive wliich is prepareif for the 
tcclmical guidance of all military and 
industrv o^anizafions concerned with 
the effort to plan a complete svstems 
development program, 1’he Design 
Studv Directive a.ssigns responsibility 
for development of each system to a 
particular .ARDC center. As a matter 
of actual practice, virtually all major 
.svstems arc handled tlirough Wright 
-Air Development Center through the 
Weapons Systems Division, lieaded by 
Col. H- A. Boushev and operating under 
the WADC depufy for operations. Col. 
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Victor Haugen. AH aircraft and missile 
systems are handled through WADC 
but some ground systems, particularly 
avionics, are Irandled through Rome 
and Cambridge. 

►Target Set— 'ITie Design Study Direc- 
tive sets target dates for systems com- 
pletion; specifics research and develop- 
ment funds available to support 
preliminary studies; establishes priori- 
ties for the project; outlines co-ordi- 
nation required between centers and 
lists any parallel developments that 
should te considered in planning the 
new system. Attached to the Design 
Study Directive is an appendix con- 
taining the original GOR, a technical 
guidance memo, suggested develop- 
ment goals, applicable projects already 
under deselopment, areas that require 
exploration, limiting policy factors, and 
an intelligence annex. 

The ARDC center assigned the sys- 
tem responsibility then calls in the 
industry to study approaches to the 
operational problem involved and this 
is where tire ARDC-industrv partner- 
ship actually begins to wort, ARDC 
feels that bringing industry into the 
military development picture at this 
early stage will give it a better pic- 
ture of the military customer’s needs 
and give the military a better fix on 
what it is feasible to get technically 
from industry during any given time 
period. 

ARDC functions as a liaison be- 
tween the military commanders who 
need equipment to do their job and 
the industry that must provide the 
equipment. 

► Engineer Economy— Usually tliree or 
four aircraft firms are asked to partici- 
pate in tlie design study phase on a 
contract basis. By paying industry for 
this preliminary work, ARDC hopes to 
avoid the financial drain and waste 
of engineering man-hours imposed on 
tlie industry by former design compe- 
tition methods. 

Bv providing a relatively stable 
workload of development problems for 
the industry. ARDC hopes that indi- 
vidual firms will be able to keep their 
engineering teams intact even though 
they may be unsuccessful in a particu- 
lar systems competition. The prelimi- 
nary design study phase work will also 
help to keep the industrial groups up 
to date on the “state of the art” in 
military fields. 

The responsible ARDC center takes 
the results of the industrv studies, re- 
views and evaluates them to get a fix on 
what military capabilities can be 
achieved technically within the specified 
time limits. It uses data obtained from 
both industry and ARDC sources to 
make a more accurate forecast on the 
time required for the system develop- 
ment. The center then prepares a 
specific development plan for the sys- 
ii 


Development Planning 
Objective 

A development planning objec- 
tive establishes qualitative guidance 
in broad terms for systems and tech- 
niques which will accomplish most 
efficiently USAF missions under 
probable future war conditions. A 
development planning objective re- 
sults from the analysis and integra- 
tion of the strategic, logistic and 
technological factors pertaining to 
each major combat and support 
mission of the Air Force. Primarily, 
development planning objectives 
will establish the broad analytical 
military mission base for the initia- 
tion of new developments at the 
systems level. 


tern which includes: 

• General design specification. This is 
a blueprint for development of the 
system. It specifies the limits of the 
military capability that can be tech- 
nically achieved within the time limits 
prescribed and it also defines the capa- 
bilities required of major sub-systems. 
It is evolved from the studies conducted 
by industry and ARDC centers. 

• Proposed development plan, This 
details the new developments required 
to complete the system; the develop- 
ment timetable required to get all sys- 
tem components ready when needed; 
funds required to support development 
work; and a recommendation as to 
which of the contractors participating 
in the preliminary design study phase 
should be selected to develop the 
system. 

• Supporting resources. This outlines 
the test facilities required by both the 
contractor and ARDC, flight test re- 
quirements, and the test equipment 
and peculiar skill requirements of the 
commands that will eventually test and 
operate the system. 

Out of this development plan ARDC 
and the industry hope to get a com- 
plete and realistic solution to the mili- 
tary problem involved within a specific 
time period. The plan should tell what 
military' capabilities can be achieved by 
the system, how long it will take to 
achieve them, and how much it will 

ARDC sends this complete develop- 
ment plan to USAF headquarters where 
it is reviewed by the Deputy Chief of 
Staff for Development and the Air 
Weapons Board and then comes up 
for a decision by the Air Council. If 
the Air Council decision is favorable 
the plan comes back to ARDC and is 
passed on to the responsible center 
where, in co-ordination with the Air 
Materiel Command, a Phase 1 de- 


velopment contract is awarded to a 
contractor to b^in the system dcvelop- 

The time cycle for this process from 
the publication of the GOR to 
award of a Phase 1 contract is about 
11 months. The procedure was ap- 
proved by USAF last October and the 
first industry design studies are due 
early this fall on a tactical bombing 
system. It will be at least five years 
before any weapons system developed 
under this process will appear in 
quantity with combat units. 

► Convait XB-58 First— To increase the 
efficiency of weapons system develop- 
ment, ARDC is also buying industry’s 
management ability in addition to its 
technical skill. This is handled by a 
single prime contract for a complete 
weapons system which fixes the respon- 
sibility for developing the system and 
integrating all its sub-systems into a 
combat-ready weapons system. First of 
these single prime contracts was 
awarded last spring to Convair for de- 
velopment of the XB-58 supersonic 
stratt^c bombing system. 

Under the B-38 contract, Convair is 
not only responsible for developing the 
airframe of a supersonic bomber but is 
also charged with supervising develop- 
ment of virtually all other equipment 
requited for the complete bombing 
system, including much of what was 
formetlv government furnished equip- 
ment (GFE). 

This additional equipment and ma- 
jor-sub-systems will be tiandled directly 
by contract between Convair and the 
component manufacturers instead of by 
separate contracts with USAF. In- 
cluded in Convair’s B-58 responsibilities 
are the following sub-systems: bombing 
and navigation: autopilot and controls; 
offensive armament; defensive arma- 
ment; communications; reconnaissance; 
cooling; and ground support equipment. 

► Engines Separate— The propulsion 
sub-system is exempt. ARDC feels 
that since modem engine development 
time and costs equal those of a large 
airframe, it cannot afford duplicate en- 
gine programs to meet the same power 
requirement in different weapons sys- 
tems. For example, the time and 
cost of developing the P&WA J57 
turbojet virtually equals that required 
for the Boeing B-52 bomber which it 

owers. Although the contractor will 

ave considerable voice in the selection 
of propulsion systems for his weapons 
system, USAF through ARDC will 
make the final decision and handle de- 
velopment separately. 

■liiere has been considerable indus- 
try skepticism and opposition to the 
single prime contractor method. Some 
industry wags commented; “If that’s 
the new USAF development philoso- 
phy, let them tell us wiiere thev want 
the bomb dropped and we’ll do that 
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too on a cost plus fixed fee contract." 

Component manufacturers long used 
to doing business directly with USAF 
are uneasy about developing new sales 
relations with aircraft manufacturers 
and arc fearful the prime contractors 
may expand to compete in their com- 
ponent fields. Present systems con- 
tracts specifically forbid the prime con- 
tractor to expand his physical facilities 
to do any component manufacturing 
and ARDC is watching the situation 
closely to prevent the component man- 
ufacturers’ feats from being realized. 

► Effect on Prime Contractors— ARDC 
will use the single prime contractor 
method only where a system develop- 
ment program requires it and a con- 
tractor appears to have the management 
and technical sources to handle it. If 
contractors decline to assume complete 
responsibility ARDC will act as the 
supervising authority. 

It appears that aircraft firms inter- 
ested in single prime contracts will 
have to expand their management re- 
sources and enlarge their technical 
staffs to develop competent evaluation 
teams for the major sub-system fields 
in which they will have to buy from 
competing component manufacturers. 

► Component Makers' Situation— With 
the exception of an additional sales 
problem involved in selling prime con- 
tractors as well as USAF, there appears 
to be little change in the major com- 
ponents manufacturers situation under 
the new system. They will still deal 


with WADC laboratories and ARDC 
on the technical competence of tlieir 
equipment and ARDC will retain a 
veto power over the prime contractor's 
decision on sub-systems. 

If ARDC vetoes the prime contrac- 
tor's selection of a subcontract source or 
equipment because of other USAF re- 
quirements, the sub-system will be pro- 
vided as GFE. 

ARDC will assume responsibility for 
getting the system to meet the original 
requirements and the prime contractor 
will still be responsibile for integrating 
the sub system into the weapon system, 
► Working Togctlier— In order to make 
the new system work there must be a 
close relationship between the 'WADC 
laboratories, the prime contractor and 
the major sub-system manufacturers. 
An example of how this works is the 
B-58 bombing and navigation system. 
WADC labs helped Convair prepare 
performance specifications for tfie sub- 
system although the detailed specifica- 
tions were written by Convait and pro- 
posals were solicited directly by Convair 
from the manufacturers in that field. 
These proposals were evaluated bv Con- 
vair, with the assistance of WADC on 
technical matters and Air Materiel 
Command on logistical considerations. 

After this process was completed, 
Convair picked Sperry to do the job 
which is being done under direct con- 
tract with Convait, .ARDC encourages 
prime contractors to use the resources 
of both the WADC labs and the sub^ 
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system manufacturers in their prelim- 
inary design study work. On future 
proposals some prospective prime con- 
tractors are using the sub-system manu- 
facturers to help in the over-all presen- 
tation to WADC. 

The new svstem will not eliminate 
government furnished equipment. It 
will, howei'cr, restrict GFE more to 
standardized pxirts which can be used in- 
tercliangeably in systems development. 
ARDC feels there is an acute need for 
an intensive carapuign on standardized 
parts such as fasteners, bearings, 
vacuum tubes, etc., wliich can be used 
as interchangeable building blocks. 

In these categories, where the third- 
and fourth-tier suppliers operate, no 
changes are anticiprated. 'These sup- 
pliers will continue to get their products 
on the WADC approved list after pass- 
ing lab tests and prime and sub system 
contractors will use the WADC lists 
to pick their parts manufacturers. 

► Off the Merry-Go-Round— The Joint 
Project Office System was established 
to give both US.AF and the industrv a 
single focal point for handling their 
mutual problems during the develop- 
ment cycle of new weapons systems. 
Earlier, the case of the contractor who 
talked with 72 USAF people in three 
days and still couldn’t get a decision on 
Iris problem was bv no means unique. 
One of the standard industry com- 
plaints was the amount of time its 
technical and management people 
wasted on the USAF merry-go-round. 
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The Joint Project Offices are p|ws- 
ically located at Wright-Patterson AFB. 
Thw include representatives of both 
ARDC and AMC— combining the 
AMC buyer and the ARDC technical 
project officer in a single office with the 
authority to make decisions on projects 
witliin their baliwick. 

First JPO was established in August 
19S1 to handle the Boeing B-52 proj- 
ect. First dividends from the practice 
will be evident in the B-52 production 
program. Since then, the JPO have 
taken over a variety of projects, ranging 
from completely GFE-type aircraft al- 
ready under development to tlie single- 
prinie-contiactor B-58 systems project. 

The JPO expands as the project 
develops, beginning with as few as two 
people and reaching a maximum of 
more than 20 as the development cycle 
progresses. The B-47 JPO is now the 
largest at Wright-Patterson and has 
almost reached the proportions of an air- 
craft type branch. Size of the JPO 
declines as the development problems 
diminish. Command of the JPO also 
shifts during the cycle, with the .ARDC 
office in control during the development 
phase and the AMC officer taking over 
as the production phase approaches. 

► Settling Conflicts— Technical difficul- 
ties between the WADC labs and the 
IPOs are resolved bv the Director 
of Laboratories and the head of the 
Weapons System Division. Conflicts 
between the technical and procurement 
viewpoints that can't be resolved in the 
JPO are handled 6rst between Gen. 
Albert Boyd, WADC commander, and 


General Design 
Specification 

A genera] design specification is a 
statement of the limits of military 
capabiUty that can be technically 
achieved in the time period pre- 
scribed and applies to the entire 
weapon system. It will define the 
capability of the major sub-systems 
that combine to make the system a 
complete operational entity. The 
general design specification is 
evolved from studies fixing the 
probable state of exploratory re- 
search and development within a 
specified time, including a complete 
reviesv of the state of all applicable 
existing and projected component 
developments. The detaib will be of 
sufficient technical description of 
the possible military capability to 
permit determination whether the 
existing applicable exploratory re- 
.search and development can be 
employed or new developments wilt 
be required, resulting in later avail- 


Gen. Walter Bain, AMC procurement 
director. 

So far none have passed this level, 
but if necessary they can go to the level 
of Gen. Putt and Gen. Rawlings, 
ARDC and AMC commanders respec- 
tively, or beyond that to the USAF 
staff level, where they would be resolved 
by Gens. Craigie and Cook. 

► Improving Quality— Althougli it is 
not directly related to tlic weapons 
system concept, the controlled produc- 
tion build-up appears destined to play an 
important role in getting better quality 
equipment on the aircraft industry 
production lines and reducing the time 
it takes to get combat-ready equipment 
to USAF squadrons. 'Ihe plans call 
for an initially slow rate of production 
aimed at producing a relatively large 
quantity of aircraft for development 
testing and at the same time tooling 
up for quantity production. The re- 
quirements of dei'elopment testing have 
long outgrown the three X models 
that were long the US.AF standard, and 
now nearly 50 B-47s are engaged in 
development test work in support of 
that production program. By keeping 
initial production low, all of the major 
development work can be done on this 
test quantity with major modifications 
available to be fed directly into the 
production line nhen the signal is 
given to accelerate into quantity pro- 
duction. 

► “Bug" Blitz— .^RDC estimates tliat 
it now takes about 1,000 hours of 
flight testing to work about 90% of the 
inevitable “bugs" from a new fighter 
and about 1.800 hours to do the same 
job for a bomber. By doing the devel- 
opment testing before quantity produc- 
tion is begun, USAF liopes to avoid 
the costly post-production modification 
programs tliat have continually plagued 
its aircraft programs and postponed the 
time when equipment becomes combat- 
ready. Among the specific postwar 
examples of these programs that have 
drained USAF procurement funds and 
prevented delivery of modem combat- 
readi' equipment are: 

• A medium bomber tliat has been in 
production for three years but ivas just 
recently pronounced combat-ready bv 
US.^F. Modification program on 
bombers already built is about equal 
to original production costs. 

• A jel lighter that went into quantify 
production with less than two hours 
experimental Bight testing of its proto- 
type. Structural failures were experi- 
enced in Right, killing a number of 
pilots, requiring an expensive, time- 
consuming modification program and 
leaving a large inventory of unusable 
spare parts. 

• A jet fighter currently under test at 
Edwards .“^FB that requires extensive 
modifications for higlispeed operations. 
Because the plane is already in produc- 


Development Plau 

The dci clopment plan, including 
the general design specification, is a 
schedule of the development and 
test phases of the system proposed as 
a solution. It contains realistic esti- 
mates of the funds, logistics, pet- 
soniiel. training, and other support- 
ing requirements necessary to the 
planned systems developmental and 
operational objectives. 


tioii, nearly 300 aircraft will have been 
built before the modifications can be 
incorporated in the production line. 

► Production Speed-up— Bv building the 
test quantity from production-type 
tooling instead of experimental tooling 
and prix-'ceding with production tooling- 
design and build-up during the develop- 
ment test phase, USAF believes it can 
produce better planes in shorter tiine. 
'I'he only gamble involved is the cost of 
tlic tooling committed during the dc- 
telopnient test cycle. If the decision 
was made to abandon production as a 
result of development tests the initial 
production tooling would be a total loss. 
If the decision to proceed with produc- 
tion is made considerable time will be 
gained. 

lire first aircraft to trv the new svs- 
fem is tlie North .American F-IOO 
supersonic Sabre, but the first full-scale 
application of the plan will be on the 
Convair F-102 which is a radically new 
step in aircraft development- 

► Selling the System-ARDC has been 
making a genuine effort to explain its 
new philosophy and procedures to the 
aircraft industry. Teams have briefed 

IKrsonnel of indis-idual firms ranging 

from the board of directors dosvn to 
engineering groups, and ARDC played 
host to a conference of industry leaders 
in Baltimore last January to exchange 
ideas of mutual problcnis- 

Naturally there are still some skeptics 
among the major aircraft managements 
who ate reluctant to alter their tra- 
ditional business methods and there is 
active opposition in some segments of 
the component mmnifacturing industn-. 
-\RDC still lias an education.il and 
sales job to accomplish on its industri' 
relations. 

But there arc many people in the 
aircraft industry who arc encouraged 
by the vigor and freshness of .\RDC\ 
approach to some of the longtime 
USAF development problems. Both 
the industry and the rest of the Air 
Force will he observing closelv the 
inogrcss of these new mctliods au 
attempting to ci'aluate the degree of 
improicmcnt thev bring on the major 
problems that have long hampered 
USAF weapons dcsclopment. 
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OSR: Keystone of Basic Research 


* Weapous of loinoiTow 
need research today. 

• Tliis office monitors, 
supports such study. 

Baltimore— The men who monitor 
curiosity in the Air Force sit in the 
Office of Scientific Research at Head- 
quarters, ARDC. 

Across their desks pass contracts and 
reports on shock tubes, the chemistry of 
hydrazine, higli-frcquency ultrasonics, 
problems in global geometri'. 

The common denominator of all 
these subjects is curiosity, the key that 
has opened door after door in man's 
search for knowledge. Curiosity leads 
to questioning and eventual under- 
standing; and in the words of tlie sci- 
entific axiom, “If you understand the 
problem, it's already lialf solved." 

► Search for Understanding- OSR’s job 
is to promote understanding; its policy 
is to advance fundamental knowledge 
through basic researcli in fields of sci- 
ence where there is a reasonable expec- 
tation of eventual use by the Air Force, 
In carrying out this job, OSR spends 
about six million dollars out of the 


S60 million total that the Air Force 
spends in both applied and basic re- 

Chief of Scientific Research for the 
Air Force is Co], Oliver G. Haywood, 
Jr., West Point graduate and DSc. 
from Massachusetts Institute of Tech- 
nology, He reports directly to the 
Commanding General, ARDC, at an or- 
ganizational level that reflects the im- 
portance of basic research in the Com- 

► Now for Later-OSR was established 
ill November 1951 in recognition that 
air superiority in the future is de- 
pendent upon adequate basic research 
in the present. 

Tlie office approaches its mission in 
two ways. 

• It acts as general supervisor over all 
research under way at the nine major 
Centers of ARDC. 

• It supports directly a program of basic 
research in universities, foundations 
and industrial laboratories. 

The total list of projects numbers 
about 200, with about 175 different 
investigators or teams doing the work. 
A few of these contracts arc with for- 
eign universities, where the technical 
competence for special problems is 
available. But the bulk of the Air 


Force's basic research program is placed 
in the universities and colleges of the 
United States. 

► Definitions— It is no easy task to de- 
fine the term "basic research.” It means 
many things to many people. But in 
the Air Force, basic research is best 
defined by a chart which Haywood 
credits to Dr. Ralph Gibson of tlic 
•Applied Physics Laboratory, John Hop- 
kins University. 

"riie chart-called “The Regenerative 
Circuits of Research and Develop- 
ment"— shows the continuous cycling of 
observation, fact and result and the way 
those three feed back into the closed 
loops of R&D. 

In its left-hand circuit, the chart pic- 
tures “pure" research; in the right-hand 
circuit, it pictures the engineering loop. 

Basic research in the Air Force arises 
in the dotted cycle that ties these two 
extreme processes together. 

► Mow It Works— It works this way: 
A research scientist will be curious 
about some difficulties in the Air Force 
development program. These difficul- 
ties mav arise because of a general lack 
of understanding of the underlying 
physical plienomena involved. So tlic 
scientist begins research, not directed 
at a specific solution, but rather toward 


REGENERATIVE CIRCUITS OF RESEARCH AND DEVELOPMENT 
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the development of basic understanding. 

"We expect that this understanding 
will help us in our development pro- 
grams,” says Haywood. 

► Examples— As one example, OSR 
monitors a large number or contracts 
for mathematical investigations. Several 
of these ate in topology, the study of 
space characteristics that are changed 
only by tearing or joining, and not by 
deformation. 

“This field may seem far removed 
from the Air Force. Actually Dr. von 
Neumann developed his famous theorv 
of strategic decision on the basis of 
considerations from abstract mathe- 
matics, such as topology,” said Hay- 

Another broad example is in combus- 
tion. Fire has been used for eons, but 
the basics of flames are not yet under- 
stood. OSR sponsors six projects in 
the chemical kinetics of combustion, 
aimed at understanding the fandamen- 
tal process of a reaction that has been 
working for and against man for cen- 

► Covering the Field— Here are some 
OSR projects that are being undertaken 
in other fields: 

• What holds atoms together in a 
molecule? An OSR contract at Duke 
University under Dr. Gordy is seeking 
the answer to this question. One of 
their laboratory tools is radar, usually 
thought of only as a distant-detection 
device, but here working on a sub- 
microscopic level. 

• Wliat is the boundary layer? Dr. 
Francis Clauser, at Johns Hopkins, is 
working with extremely thick boundary 
layers in a windtunnel. His studies have 
evolved a dimensionless parameter 
wliich— like Reynolds number for free- 
stream flow-is characteristic of the 
boundary- layer. 

• Can a computet replace a human 
interpreter? Dr. Perry, of MIT, has 
made mathematical explorations of a 
digital computer to translate Russian 
into English. 

► Seven Fields— Basie research interest 
in the Air Force falls into seven major 

• Chemistry. The composition, struc- 
ture, properties and transformation of 
matter; cnei^ production; photo- 
graphic chemistry; principles and theo- 
ries necessary in guiding exploiatorv 
programs- 

• Fluid mechanics. Boundary layer, 
^rbulence, compressibility and viscos- 
ity effects, aerothermodynamics and 
rarefied gas problems. 

• Mathematics. Algebra, statistics, 
probability, analysis, topology, geom- 
etry, computational methods rind high- 
speed computers. 

• Solid State Sciences. Structure of 
special crystals, extreme temperature 
studies, surface phvsics, structure and 
properties of solids'. 
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• Physics. Theoretical and quantum 
mechanics, atomic structure, spectros- 
copy, optics, magnetics, electricity, 
heat, radiation, sound instrumentation 
and nuclear physics. 

• Bio-Sciences. Biology, psychology, 
aviation medicine, antriropology, soci- 
ology, physiology, biophysics, biochem- 
istry, radiobiology, aerobiology, ento- 
mology and parasitology. 

• Geophysics. Physics of the solid earth 
and its atmosphere, including geodesy, 
geomagnetism, seismology, meteor- 
ology and atmospheric pliysics at all 

► Policies— No research is done by Hay- 
wood’s office; the entire program is 
contracted, mostly to universities. 

Programs are initiated generally by a 
university. Encouraged to keep OSR 
informed of special qualifications in 
one or more of the fields of Air Force 
research interest, the university can 
best speak for itself in measuring its 
ability to perform a task. 

In rare cases. OSR may query promi- 
nent men in a certain field where there 
has been little activity. One of these is 
photographic chemistry, where according 
to Dr. Homer, OSR’s chief of chemis- 
try, there has been little done in the 
development of emulsions since the be- 
ginning of photography. 

► Contract Requirements— Es-erv con- 
tract monitored bv OSR has been let 
on a "sole source” basis, and justified 
on that basis. There are four major re- 
quirements which must be met bv the 
investigator: 

• Research must be in an area of Air 
Force interest. 

• Investigator must be qualified to do 
the work nroposed. 

• Research should be scientifically sig- 
nificant-worth pnblication in anv of 
the top-flight professional journals. 

• Institntien must be contrachiallv 
sound, 

► Small Teams— More than half the 
OSR contracts are for less than 520,- 
000. The OSR wants to continue this 
situation, and to avoid the "brute 
strength” method of applied research 
where large teams work toward a single 
goal. 

After the studies have been made, 
OSR encourages publication of the un- 
classified results— almost all work is in 
that category— in .scientific journals. 
Going a step bevond usual AF pro- 
cedures. OSR will accept a manuscript 
copy, as submitted for publication to a 
professional journal, instead of the con- 
ventional final project report. 

The contracts written bv OSR nor- 
mally cover one and one-half to two 
years of work, because the Offivo wants 
to maintain some stability in the pro- 
gram. "Research cannot be turned on 
and off like a faucet,” savs Ha' wond. 

"We want scientists who can devote 
the bulk of their time to research, and 


not research administration,” he added. 
Normally it is expected that the scien- 
tist who is designated as principal in- 
vestigator in the contract will spend at 
least 25% of his time on the particular 
project, 

► Who Benefits?— Tlie policies of the 
Office of Scientific Research are aimed 
at providing the maximum benefit to 
the nation, the Air Force and the uni- 
versities. Tire value to the nation and 
the Air Force of a strong research and 
development program is apparent. 

The universities are enriched in a 
number of ways. Financially, of course, 
through pasments to students and re- 
search workers for their efforts, and 
through purchase of equipment and 

3 lies which would otherwise not be 
able. 'The publication of reports 
adds prestige to the university, and may 
aid in attracting the type of scientific 
workers needed in its research. 

The OSR program also adds to the 
normal research load which is the tra- 
ditional task of the university and an 
essential part of its graduate education 
program. 

► Duplication— Havrvood emphasizes 

that the Air Force has the greatest in- 
centive to avoid unintentional duplica- 
tion. One of the ways to do this is to 
keep information current in the field 
about its programs. 

There is an OSR record book kept 
current on a monthly basis which tells 
who is doing what researcli and how 
much it is costing. Interested govern- 
ment offices, such as NACA, the Na- 
tional Science Foundation, Office of 
Naval Research and Office of Ordnance 
Research, have copies of the book. 
Tliere are other formal and infonnal 
channels; the service research officers 
exchange copies of programs and pro- 
posals under studv. 

Haywood, in answering proponents 
of a single center for all government- 
sponsored research to avoid "waste and 
duplication” says, "It is difficult to 
select the geniuses of the future. Let us 
continue to bring to this problem, not 
the talents, techniques, procedures and 
motivab'on of one organization, but 
rather the decentralized judgments that 
are the true strengtli of democraci'.” 

► Submitting the Proposal-Proposals 
for research in the first five fields listed 
aboi’C (chemistry, fluid mechanics, 
mathematics, solid state sciences, phys- 
ics) should be submitted to the Com- 
manding General, Air Research and 
Der’clooment Command, Attn: RDR, 
P. O. Box 1395, Baltimore 3. Md. 

Proposals for basic research in the 
biosciences should be marked for the 
attention of RDDH. 

Proposals in geophysics should be 
submitted to the Commanding Gen- 
eral, Air Force Cambridge Research 
Center, 230 Albanv Street, Cambridge 
39, Mass. 
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Center Mates Planes to Atom Weapons 

Special Weapons Center’s job is to match AEC’s new atomic 
tlevelopments ami the AF planes that will have to deliver them. 


By Robert Hotz 

Albuquerque, N. M.— A new family of atomic weapons is being mated to a 
new generation of supersonic aircraft and missiles by the Special Weapons 
Center of the Air Research and Development Command. 

Located on a mile-high, sun-baked mesa overlooking the Rio Grande, the 
Special W'capons Center (SWC) at Kirtland Air Force Base is part of the 
New Mexican atomic triangle that includes the Atomic Energy Commission 
lalxiratories at Los Alamos. 


This atomic triangle is guarded by 
the 34th Air Division of the .^ir De- 
fense Command, which maintains T-86 
Sabres on constant alert, A radar net 
carefully scans the area and rigid air 
discipline is enforced. 

► Atomic Weapons Bridge— The prin- 
cipal job of the Center is to bridge the 
gap that exists between the Atomic 
Energy Commission and the Air Force 
and to match the atomic weapons de- 
veloped by AEG with the aircraft and 
missiles developed by USAl'. 

.^EC is charged with the responsi- 
bility of research and development on 
atomic and other “special weapons”— 
but it has no aircraft or missiles to de- 
velop or test delivery methods. 

USAF is charged with the primary 
responsibility for delivery of AEC’s 
weapons and it has control over the 
research and development of the atomic 
delivery vehicles. 

;\s the chief liaison between the 
atomic development agency (AEC) and 
the atomic delivery agency (USAF). the 
Special Weapons Center is playing an 
increasingly important role in shaping 
the future of militars' air power. 

► New Factors— Keys to the current na- 
ture of the Center’s work are recent 
disclosures by the .\tomic Energy Com- 
mission on the increasing production 
and variety of atomic weapons. Both 
the production and variety have ex- 
ceeded original estimates. These facts 
are radically altering the traditional 
con^t of air power in the atomic age. 

“The prevailing tendency has been to 
think of the atomic weapon exclusively 
as a weapon to be used only against the 
largest and most expensive type of tar- 
get,” says Maj. Gen. John Mills, Center 
commander. "But new designs of 
atomic weapons are being developed to 
further our capability to permit eco- 


nomical ucc of atomic weapons against 
a much wider variety of targets. Because 
of tlic Atomic Energy Commission’s de- 
velopment of a 'family of atomic 
weapons’ tlic Air Force can now de- 
liver varied kinds of atomic weapons 
against varied targets with varied air- 

"Lo^ing forward from the Iliro- 
shima and Nagasaki era of eight years 
ago, the technological progress of the 
Atomic Energy Commission and the 
Air Force in the atomic weapons pro- 
gram is remarkable in the approach to 
universality.” 

► .Atomic Carriers— This variety of 
atomic weapons and its influence on 
the rapidly expanding capability of 
USAF to wage atomic wartare can be 
gauged partially by the variety of air- 
craft that have already been modified 


Maj. Gen. John Stewart Mills. Com. 
mandet, .Air Force Special Weapons 
Center . . , won the Silver Slat. Dis- 
tinguished Flviiig Cross, Air .Medal, 
Presidential Citation and the French 
Croix dc Ctiecte, for combat opera- 
tions leading the 450th Heavy i«3m- 
hardment group in the Medlicnanean 
Theater of Operations . . . born in 
Appleton, Wis. 1906 . , . graduated 
U. S. Military Academy, 1928 , . . served 
in bombers for six prewar years . . . was 
chief of AMC's instrument and naviga- 
tion unit at W’right Field . . . after 
World M’ar II served a hitch as depntv 
chief of the War Department General 
Staff’s new weapons division . . . named 
assistant for atomic energy at USAF Hq. 
in 1949 after his graduation from the 
National War College. 


and equipped by the Special Weapons 
Center to deliver atomic weapons. 'I'liey 
are: 

• Boeing B-47 Stratojet bomber. This 
six-jet bomber is the fitest bomber now 
in service with combat units of any Air 
Force. B-47s of the Strategic Ait Com- 
mand fully loaded recently have crossed 
the Atlantic to England in little more 
than four hours. 

• Convait B-36 intercontinental bomber. 
This 400,000-lb. aircraft powered bs six 
piston engines and four turbojets has 
demonstrated its ability to fly more than 
10,000 miles and drop an atomic bomb 
load at the halfway point. 

• Nortli American B-45 Tornado 
bomber. This four-jet bomber was the 
first jet bomber to drop atomic wcapons- 
A Tactical Air Command B-45 wing 
was the first jet bomber unit to be 
equipped for the waging of atomic war- 
fare. 

• Boeing B-50 Superfortress. Tire B-SO 

equipped for aerial refueling has com- 
bat capabilities almost as great as the 
B-36 and made an important addition 
to the long-range atomic striking force 
of SAC in the interim before large-scale 
production of jet bombers provided 
the modem equipment for atomic war- 
fare. 1 

• Republic F-84G Thunderjet fighter. 
Although the F-84G is a rapidly obso- 
Icscing first-line fighter aircraft, the fact 
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that atomic weapons have been de- 
veloped that can be carried by liglitcr- 
type aircraft marks a rcvolutionarr trend 
in atomic air warfare. It is a concrete 
indication of what the increasing variety 
of atomic weapons will mean to military 
air power. In recent tcstiirionv before 
the Senate Foreign Relations Commit- 
tee (AvtATioN Week Apr. 7, p- 9), Gen. 
Alfred Gmcnthcr, commander of the 
NATO forces in I’uropc, said the key 
NATO strategy was now based on the 
use of atomic bonib<arrying F-84Gs 
(standard NATO air force fighter- 
bomber) against enemy ground force 
concentrations. 

► Planes Take Longer— Experience lias 
proved it takes much longer to develop 
a new aircraft or missile with atomic 
capabilities than it docs to develop new 
atomic weapons. Currently atomic 
weapon dcvclopnrent is outstripping 
technological progress in development 
of the weapon's delivery system. 

Center officers feel strongly the need 


for a longet-range and mote stable re- 
search and development program for 
the development of atomic weapons de- 
livery systems. Unless some methods 
are found to keep the research and 
development program from reacting 
violently to the annual congressional 
budget cycle Ructuations. Some ob- 
servers feel the gap between the atomic 
stockpile and the capability to deliver it 
srviftiy and certainly to enemy targets 
will widen. 

"Atomic bombs in a stockpile won’t 
win a war.’’ said one Center officer long 
associated with the atomic program. 
“We must have a fast, guaranteed 
method of delivery. "The new atomic 
weapons are coming along faster than 
the means of delivering them. 

"A stable research and development 
program would permit more long-range 
planning to develop the best type of 
vehicle tor ncw-tvpc weapons wlicn both 
are in the early planning stage. If we 
could do this it would eventually save 
many millions of dollars later by elimi- 
nating the need for expensive modifica- 


tion programs to try to tailor available 
vehicles to the new weapons." 

► “Cranking” Tliem In— One of the im- 
portant jobs of the Center now is to 
analyze flic designs of all new US.^F 
aircraft and missiles proposed or under 
development to determine their atomic 
capabilities- Similarly, new aircraft roll- 
ing off the production lines will go to 
the Center at an early stage for deselop- 
ment of atomic capabilities. An earW 
production Boeing B-52 Stratofortress 
eight-jet bomber is earmarked for the 
Special Weapons Center and the 
I0,000-ft. main runway at Kirtland 
will have to be widened to aeeommo 
date the outrigger landing gear of the 
B-52. 

It is al.so reasonable to suppose that 
the new generation of USAF supersonic- 
fighters now coming along will bo 
"cranked in" to tire atomic capability 
alreadv displayed by the F-34G. Among 
tlicse likely new prospects in expanding 
botlr the scope and delivery speed of 
USAF atomic capability are the swept- 
wing F-84F Thunderstreak, now in pro- 


duction at Republic’s Long Island 
plant; the North American F-TOO, now 
flying in prototype form at Edwards 
AFB; and the McDonnell F-101 long- 
range escort and penetration fighter. 

Early Days 

The Special Weapons Center origi- 
nated and developed into its present 
size and status as a result of the Ait 
Force’s growing postwar responsibilities 
for the delivery of atomic weapons. In 
1947 Gen. Curtis LcMay, then director 
of Air Force research and development 
and now commander of the Strategic 
Air Command, sent Maj. Gen. Howard 
Bunker to .Mbuquerque to establish a 
field liaison office with the Atomic 
Knergy Commission aimed at develop- 
ing USAF knowledge of the AEG 
weapons program in order to aid USAF 
in planning and executing its atomic 

► Transmission Belt— Primary mission 
of this field office for atomic energy was 
to act as a transmission belt of detailed 


iiifomiation between .\EC and USAF. 
to keep both agencies informed on the 
other's progress and problems in the 
atomic weapons development and de- 

Kirtland AFB was then an Air 
Materiel Command base, but head- 
quarters of US-\F wanted direct con- 
trol of the field office so it was assigned 
merely as a tenant on the AMC base. 
In December 1949 the Special ^Vcapons 
Command with Gen. Bunker in com- 
mand was activated at Kirtland to suc- 
ceed the field office. 

Under command status the organiza- 
tion got better people and improred 
facilities but its primary mission was 
still liaison with AEC. the Los Alamos 
and Sandia laboratories. 

Tlris group kept the Air Force in- 
formed on atomic weapons development 
and transmitted USAF requirements 
and problems to the AEC technicians 

► Assigned to ARDC-I-nte in 1951 the 
lemarkablc progress in both quantih- 


and variety of atomic weapons created 
an acute need for an expansion of the 
Command’s mission to include some 
types of research, considerable de\-elop- 
ment and an expansion of the test work 
in support of AEC. Because the Spe- 
cial Weapons Command was not a part 
of ARDC it was precluded from doing 
development work, so Gen. Mills, who 
succeeded Gen, Bunker as commander, 
proposed that the Command become a 
part of .\RDC and take on the badly 
needed development program. 

Kceping pace witk the expanding 
US.\F atomic capability, the Center 
now has about 5,000 personnel and a 
high percentage of all aircraft assigned 
to ARDC- It ranks second to Wright 
■Air Development Center in spending 
ARDC research and development funds. 

Current Center activities involve re- 
search, development and test work. 
Most of the Center’s work is absorbed 
by test support operations for the .AEC, 
both for tlie Nes-ada proving grounds 
and tlie Eniwetok Overseas proving 
grounds. 


"BEEPER" pilot with control «|iii|iincnt. 






Research 

All of the research done at the Center 
is applied research aimed at solutions to 
particular problems- The Research 
Directorate at the Center has no labora- 
tories, farms out most of its work to 
industry and universities. Its principal 
product is paper— reports and analyses 
for the guitlance of USAF. It is a job 
requiring a high degree of tccbriical 
competence for USAF officers involved 
and 70% of the personnel assigned 
have advanced degrees ranging up to 
doctorates in nuclear physics- 
► Research Pte^pam— Research activities 
fall roughly into tliree categories: 

• Providing “state of the art" informa- 
tion from the field on atomic weapons 
programs to USAF policy makers. 

• Conducting technical analytical 
studies for guidance of USAF in de- 
veloping the best weapons systems with 
which to conduct atomic warfare, lliesc 
studies are e.\trcmely broad and include 
such factors as potential enemy opposi- 
tion, delivery capabilities and potency of 
the weapons against specific types of 

• Conductiag technical training pro- 
gram for USAF personnel in Atomic 
Energy Commission facilities to build 
up an adequate technical experience 
level among USAF personnel who are 
required for work in die special weapons 
fields, both in the research and develop- 


ment program and also wifli operational 
commands that use atomic weapons, 
such as Strategic Air Command and 
Tactical Air Command. 

USAF personnel with proper educa- 
tion backgrounds are picked to work for 
2- to 3-year assignments in AEG estab- 
lishments in regular technical staff jobs. 
Some of the top people now in special 
weapons work, such as Col. Lester 


Atomic Force Role 

"The principal deterrent to an- 
other world war is and will remain 
the offensive strength of our con- 
stantly improving atomic weapons 
and out ability to deliver them with 
accuracy and certainty by strategic 
air power against the sources of 
Soviet military might. 

"Unless and until peaceful 
Soviet actions are assured on a 
lasting basis, we must constantly 
maintain and improve our ability to 
strike through the air with devas- 
tating atomic force at the air bases 
and munitions factories of any ag- 
gressor nation." 

—James Harold Doolittle, 
special assistant on technical 
matters to the Chief of Staff. 
U. S. Ait Force. 


Woodward, chief of the research direc- 
torate at the Center, who has a doctor's 
degree in nuclear physics, have worked 
in the Los Alamos laboratory detached 
from USAF for several years. This tech- 
nical training program is regarded as an 
extremely valuable feature of the 
Center's work in building up USAF 
atomic capability. 

► Link With Cambridge— There is a 
coordinating link between the Special 
Weapons Center and the Cambridge 
Air Force Research Center which has 
recently established a division of atomic 
warfare staffed largely with veterans of 
the SWC. 

Close liaison is also maintained with 
the atomic and armament directorates 
and weapons system offices in ARDC 
headquarters. 

Development 

Just as the research program produces 
primarily paper, so the development 
program produces primarily hardware. 
The development mission began in 
19S2 after the Special Weapons Com- 
mand became an ARDC center. 

It is aimed at designing and develop- 
ment equipnrent capable of delivering 
atomic weapons and includes both air- 
craft and missiles. Col, Harry Donicht. 
who headed the development program 
until his recent appointment to com- 
mand of the 49i3th Test Group 
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(.Atomic), emphasizes that atomic 
armament poses more problems of 
greater complexity in handling, carrying 
and delivering than other older types. 

Part of the development inission also 
ins’ohos detailing USAF requirements 
for atomic delis'Cry systems, defining 
problems to be solscd and then present- 
ing them to the aircraft industry for 
mechanical solutions. The Center tech- 
nicians feel strongly that the aircraft in- 
dustry is the best laboratory in which 
to do this kind of development work. 

► To Reduce Modifications— Otlier jobs 
include the des’clopmcnt of standard- 
ized specifications and testing, monitor- 
ing and handling equipment for atomic 
weapons. Tlicre is still a good deal of 
actual aircraft modification required in 
the development mission since early 
postwar USAF aircraft were not specifi- 
callv designed around atomic capabili- 
ties- In order to cram early-type atomic 
bombs into the bomb bay of an early jet 
bomber a section liad to be removed 
from the main wing-spar. 

It is now j center responsibility to 
review all USAF aircraft and missile de- 
signs from the earliest stage of their 
development. As more atomic capability 
is designed into these vehicles there 
will be a diminishing need for extensive 
and expensive modifications to build in 
atomic capibilities belatedly. 

The development group works closely 
with the AEC Sandia laboratory and 
tlic operational commands who have the 
final responsibility for delivery of atomic 
weapons. 


Test & Support 

Bulk of the Special Weapons Center's 
resources ate dcs oted to test svork. Most 


of the test work is in support of the 
-Atomic Energy Commission, although 
other test functions arc performed for 
the Defense Department. Chemical 
Warfare Service, Army Ordnance and 
other -ARDC centers. The center sup- 
ports both AFC atomic proving 
grounds— the continental site in Nevada 
and the overseas operation at Eniwetok 
Atoll in tire Pacific. 

► Test Mis-sions- During tire AEC test 
operations the -192;th Test Group 
(.Atomic) performs flic following mis- 

• Dropping the bomb or nuclear test 

• Providing flying laboratories to gatlier 
airborne data on results. 

• Providing cloud sampling aircraft. Tlic 
cloud s-impling aircraft are both piloted 
and pilotless. B-29s and F-84s have 
been equipped with sampling de- 
\iccs and have actually been flown 
Ihitrugii atomic clouds by properly pro- 
tected crews- Lockheed QF-80 jet 
drones are also used equipped with 
Sperry remote control flight systems. 
Tire drones are controlled from mother 
planes aloft, and in recent tests flew 
monkeys and mice through atomic blast 
clouds at 30.000 ft. T-33s also are 
equipped with cloud sampling equip- 
ment which is carried in place of wing 

■ Providing radiological safety aircraft. 
These planes measure airborne radio- 
actis’its’ in tire area of nuclear blasts and 
ground activity in the Nevada Proving 
Grounds where "fall-out” from the 
atomic cloud usually occurs. 

• Cloud tracking aircraft. These aircraft 
track the atomic cloud as it moves east- 
ward on prevailing winds and measure 
its radioactivits- and radioactis'e fall-out 
to warn aircraft and civilian inhabitants 
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on tire ground in case of heavy fall-out. 
The atomic clouds travel eastward across 
the country and dissipate over the .At- 
lantic. Tlictc is seldom any radioactive 
fall-out from air bursts, but this phe- 
nomenon occurs with more intensih’ in 
ground detonations since heavy oarEli 
particles are drawn up into the atomic 

• Terrain survey helicopters, llicse 
helicopters cover the terrain surround- 
ing a nuclear blast and chart safe ap- 
proach areas to instrumentation, test 
equipment aitd damage sites- 

► Precision Bombing & Timing— The 
USAF atomic test group has dropped 
17 of the atomic bombs and nuclear 
test devices that have been exploded by 
the U. S. in Japan and in continental 
and overseas test operations. 

Air drop is considerably clicapcr than 
a ground detonation, but to be truly 
effective for test purposes it must liavc 
an accuracy witirin 100 yards and be 
detonated within two seconds of a pre- 
determined time. Attaining this ac- 
curacy is a precise team operation on 
the part of the air crew that comes only 
with long training in the special atomic 
delivery techniques. 

Hcrc is a roiigli idea liow the crews' of 
a 4925th B-50 made a drop on the 
Nevada proving range from '3,000 ft. 
tliat hit witliin 200 ft. of the target 
within the two-second time margin. 
(Key to this precision is the ability of 
pilots to flv exact and stable courses and 
make perfect precision turns, and the 
skill of the bombardiers using both 
visual and radar equipment to plan and 
execute the mission exactly.) 

► Typical Drop— The pilot and co-pilot 
split the flying duties to obtain greater 
precision and stability. Pilot controls 
the attitude and airspeed of the aircraft 


Sl’ECI.AL WEAPONS CENTER technicians use chemical spray to wash radioactivity from cloud-saraplin| plane; note sampling devices. 
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with normal fliglit controls while the 
co-pilot controls altitude with the 
throttles. Just before the bomb burst 
the pilot flips on dark glasses leaving 
the co-pilot flying the aircraft on instni- 
inents- Wiien the bomb detonates the 
co-pilot is temporarily blinded and the 
pilot takes over behind his dark glasses- 

Tlie radar bombardier navigates most 
of the mission from his spot in the 
B-50's rear compartment. A radius-of- 
action problem is used to set up the 
bomb drop but a time pattern is flovs’n 
instead or a ground pattern to anccl 
any instrument errors. TTic radar navi- 
gator also furnishes the radio operator 
with precise position reports that arc 
broadcast to other aircraft in tlic s icinity 
and the test control center, lie com- 
putes wind drift and acts as a clearing 
house for winds-aloft reports from other 
aircraft. He positions the aircraft for 
the target run where the visual bom- 
bardier takes o\'er. After the bomb re- 
lease, the radar navigator Iras the final 
task of giving the crew a count-down to 
the burst, warning them to take proper 
safety measures. 

Tfie visual bombardier guides the air- 
craft during the actual bomb run and 
releases the bomb. In the B-50 a 
Norden faombsight of World Wat II 
vintage was used. Three special equip- 
ment officers were carried in the crew. 
Their job was to install and operate the 
special instrumentation requited by 
AEC. A fliglit engineer, radio operator 
and two meelianic-scaimcrs completed 
the crew. On this atomic drop tlie crew 
reported they could feel the heat and 
blast effects at 53,000 ft. and the B-30 
svas “tossed about a little” by the shock. 
All crews flying in the area of atomic 
blasts arc equipped witli dosimeters to 
warn of excessive radiation. 

► Support Aircraft— The Center operates 
the Indian Springs air base near Las 
Vegas for air support of the Nevada 
proving ground missions. It draws on 
aircraft from otlier services and com- 
mands to supplement its specialized 
fleet to test operations. During the 
Nevada tests in the spring of 1953, for- 
mations of S.\C B-36 and B-47 bombers 
flew over the bomb bursts to give their 
crews familiarization witli the environ- 
ment of an atomic attack- Navy has 
also provided some piston-powered 
Douglas Skvraider and Grumman Bear- 
cat drones for cloud testing, and MATS 
and SAC provide specially equipped 
transport aircraft, 

When supporting overseas tests at 
Eniwetok, the role of the test group is 
the same except that instead of con- 
trolling all air operations it operates as 
prt of a joint Army-Navy-USAF task 

Like all of tlie ARDC centers, the 
Special Weapons Center has its prob- 
lems. Personnel is an acute problem. 
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Because of the strict security nature 
of the special vreapons work, the person- 
nel problem extends down to the air- 
man level. For example a truck driver 
who has been security-cleared and 
trained to handle nuclear weapons is 
still listed as just a truck driver in mili- 
tary personnel classifications. WIten he 
is transferred away from the Special 
Weapons Center he is rcirlaccd vth an 
ordinary truck driver who has to be 
cleared and trained before he can drive 
tlic particular kind of trucks at Kirtland- 

I'or officer personnel, the first year of 
tlieit duty tour at Kirtlaiul is usually 
icquircd for indoctrination. .A longer 
lour of duty in this specialized work 
would produce better results, personnel 
experts believe. 

Since Kirtland AFB had been aban- 
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doued after World War II, it was neces- 
sary to completely rehabilitate the field 
and its surrounding installations for 
Special W’capons Center work. 'Ihe 
intensive training requirements and the 
extensive liardware modification w'ork 
of the Atomic Test Group made a new 
building program necessary which is 
still not complete or adequate. 

Because atomic warfare is a top pri- 
oritv mission of US.AF the svork of the 
Special Weapons Center in developing 
better atomic delivery vehicles and 
training personnel in better atomic de- 
livery tecimiques is a top-priority mis- 
sion for the Air Research and Develop- 
ment Command. A good deal of the 
future of the Air Force and the future 
of this country depends on liow well 
the Center does its job. 
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WADC: $200-Million Research Key 

Wright tackles its biggest job: tyiug together Air Force 
research to produce the supersonic weapons of loinorroM’. 


By Al.-xnn.!rr McSurcly 

Duytoii. Ohio— W'riglit Air DcM-lop- 
iiient Ccnta. nitli 12 spta«Iing labora- 
tucics for researth niicl testing and its 
niglit testing facilities, is a stiirdr' cor- 
ner stone for ttie Air Rcscarclr and De- 
velopment Command that is building 
the new air weapons srstem for the 
U, S- Air I'brcc. 

I 'ew pco|3le, even among the special- 
ist employes assigned at the big ^Vright 
center itself, have a clear picture of the 
wide s'.iticty of interrelated projects 
which go eliuming through this big re- 
search and development mill. Its his- 
tory is being written daily in hundreds 
of pages of technical rcpiirts. photo- 
graphs. oscillograph records, and other 
iccording dcsiccs. 

But hidden in tliis vast accimmlatiou 
of technical data is a fascinating story 
of some of the steps that must be tahen 
between tbc drawing board and the 
complete weapons system that goes 
whistling through the stratosphere at 
supersonic velocity carrying its deadly 
missile under the sensitive control of an 
intricate electronic guidance system, 

► Toughest Assignment— lliis $200- 
inillion concentration of aeronautical 
research and testing equipment, spread 


over a 1,325-acrc tract in the Mad River 
sallcy east of Dayton, is tackling its 
tnuglicst assignment in the long years 
of its aviation development history. 

The assignment: to administer and 
coordinate new aeronautical research 
with electronic and armament research 
so the Ait Force will has'e progressively 
Ijcttcr new supcr.sonic weapons capable 
of achieving their combat missions at 
.s|)ceds and efficiencies far beyond those 
ahead) being achieved. 

► Outside llcl])— 'Hie enormous scope 
of this research and development job 
inesitabl)' means calling upon industry 
and educational institutions to carrs’ a 
large share of the load. W'ADC’s labo- 
ratory men have a double job. While 
continuing an impressive list of research 
projects tlicmseKcs, tliey arc busy too 
as coordinators of outside work, di- 
recting research by contract for tangible 
use in new air neapons of tomorrow. 

Contracts with industry, universities 
and non-profit organizations now repre- 
sent 87% of the total WWDC budget. 
And 'WADC’s procurement directorate 
spends more than 75 cents of csery ,^ir 
Force rcscarcli dollar, llicse contracts 
leprescnt many hundreds of projects, 
assigned to 130 colleges mid universi- 
ties, ill addition to large portions of the 


loutiiic testing work farmed out to com- 
mercial labomtories and manufacturers. 

► Two Phases-Actualb- the center's job 
breaks down into two assignments; 

• To procure and piodncc advanced 
aeronautical scientific knowledge as 
rapidly as possible for tangible use in 
new air weapons. 

• To monitor from a technical st.ind- 
point (through testing and esaluation) 
each new weapons system from earliest 
stage to obsolescence. 

ftlaj. Gen. Al Boyd, commander of 
the center, expresses the overall idea 
ill these simple words; 

"The work we do today will definitely 
dctcnniiic the security of this country 
five or 10 I cars from now." 

► Center Layout— To nndcr.stand best 
the w.iy M'ADC functions, a knowledge 
of the geographical layout helps. 

• Area B. 'Ibe center headquarters and 
the laboratories and test facilities are 
concentrated in what is calk'd Area B 
of \V'right-Pattcrson .M'B. T!ie prin- 
cipal U. S- Army and Air Force avia- 
tion development and testing «ork lias 
been centered in this same area since 
1927, when it was opened under the 
name of Wright Field. 

Up until the transfer of Air Research 
and Development Command head- 
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HELLROARER is new continuous light source for night photography. SPLIT \’ERTICAL test inslallahon of cameras in NAA RB-45. 


ciiiartets to Baltimore three years ago, 
tliis area was also the site of command 
headquarters. It continues to he the 
largest single installation of the com- 
mand, from a standpoint of personnel 
and value of equipment, although three 
of the other centers, the flight test 
centers for planes and missiles, are 
larger in acreage. 

• Area C, Supplementing the Area B 
installations are the facilities across 
Springfield Pilte, Jmown as Area C of 
the Wright-Patterson base, where the 
Directorate of Flight and All-Weather 
Testing does its test Rying from a 
10,000-ft. run'vay. 

Part of Area C is used by the Di- 
rectorate of Support which does mainte- 
nance and special modifications for 
test on from 150 to 200 planes flow- 
ing through the center for special flight 
tests. The tests are sometimes basic to 
the aircraft itself, and someh'me.s they 
are carried out on equipment that is 
flown in the airplane. 

► To Get There— Once you are in 
downtown Dayton, it’s simple to get 
to “Wright Field,” as most Daytonians 
still call it. 

Drive east on either First Street or 
Third Street. Both streets run into 
Springfield Pike, and you continue east 
on this main highway (Route 4) until 
you see the living field on your right, 
with the windtunnels and test buildings 
behind it on the hiB, 

If vou have further business at the 
flight test directorate, get an Area C 
stamp on vour pass at the Area B pass 
office, and continue about 4 mi. farther 
east on Route 4, past the big Air Mate- 
riel Command headquarters building on 
vour left, until you come to another 
main gate on the left which will pass 
you into Area C. 


► Important to Taxpayer— The terrific 
costs involved in today’s high speed 
military air weapons make it necessary 
for the Air Force to see quite clearly 
where it is going on each of its new 
investments before it is too late to 
change plans. 

Tliat is why the laboratory and flight 
testing work here at WADC and at the 
otlier .4RDC centers, and all the out- 
side research and development con- 
tracts, represent a solid investment, 
cren if some of the projects never prove 

It is far cheaper to have a failure and 
find it out by thorough testing at an 
early stage, and discard it. than to cany 
it through to production, and then 
find it out. 

Thus you can readily understand how 
a nickel’s worth of research and testing 


Maj. Gen. Albert Boyd. Commandec, 
Wright Air Development Center . . . 
veteran USAF test pilot . . . one of the 
first USAF pilots to fly faster than 
sound in the Bell X-1 . - - recently 
evaluated British and French fighter 
aircraft for purchase under U. S. off- 
shore procurement program . . . bom 
Rankin. Tcnn., 1906, grew up in .Ashe- 
snlle, N. C. , . - learned to fly as 
aviation cadet, Kelly Field, 1929 . , . 
served in engineering jobs in Air Serv- 
ice Command . . - went to Europe as 
Deputy Commander Eighth Ait Force 
Service Command supporting General 
Doolittle's Eighth Air Force conrbat 
units . , . returned to U. S. as chief of 
Flight Test Division, Air Materiel Com- 
mand, at Wright Field . . . commanded 
Air Force Flight Test Center at Ed- 
wards, Calif-, 1949-51 . . . awarded 
Distinguished Flying Cross. 


can and does save the taxpayer many 
a dollar by insuring that something is 
right before it is ordered into ptoduc- 

► Weapons System Division— In order 
to put more emphasis on the new 
weapons system concept in develop- 
ment, WADC is organized with its op- 
erating deputy charged with directing 
the weapons system division. Every 
other organization in the center, includ- 
ing the laboratories, is keyed in to help 
this division in the performance of its 
function. 

How the weapons system division op- 
erates— through project officers assigned 
to each project who work cooperatively 
with counterpart project officers as- 
signed by Air Materiel Command pro- 
curement division— is detailed elsewhere 
in this issue. 
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But it is important to realize tliat the 
various researcn and development proj- 
ects. both tliosc of the laboratories and 
of the outside contractors, have as their 
ultimate goal the creation of nesv im- 
proved weapons systems through this 
division, 

► Six Directorates— An organization 

chart of WADC shows six directorates, 
plus the several deputies and officers 
who operate directly on the conimand- 
inggimetars staff. 

Tins review of the center is more 
concerned with the directorates of labo- 
ratories, of research, of fliglit and all- 
weather testing, than with the support- 
ing directorates of engineering standards, 
procurement, and support. However, 
it is obvious that tlrese three last-named 
directorates perform indispensable func- 
tions wlien the overall picture is taken 
into consideration. 

• Directorate of research includes three 
laboratories, all concerned with long- 
range research and serving as consult- 
ants on trends in development of 
weapons systems. These are organized 
according to scientific areas of research. 
'ITieir products are research reports 
whicli can be applied to solve genera! 
problems relating to weapons systems 
and their components- However, the 
work of some of these overlaps with 
tliat more directly associated with end- 
item products. The three research labo- 
ratories are the aero medical laboratory, 
tile aeronautical research laboratorv, 
and the materials laboratory. 

• Directorate of laboratories includes 
nine laboratories concerned with de- 
velopment of actual hardware, and with 
applied rescatcli to carry out definitely 
scheduled development.?. These include 
laboratories specializing in aircraft, air- 
craft radiation, aircraft armament, com- 
munications and navigation, electronic 
components for aircraft, aircraft equip- 


ment, photo reconnaisance, power- 
plants, and propellers. 

Probably the best way to understand 
the Wright-Patterson story is to take a 
look into the laboratories and watch 
some of the research and testing as it 
goes on. 

Aircraft' Lab 

Some of the most spectacular and 
elaborate testing equipment at WADC 
includes the six windtunncls and the 
liugc structures test building assigned 
to the aircraft laboratory. 

This laboratory has tlie assignment 
of evaluating, studying and testing air- 
frames of US.^F planes and missiles to 
improve them aerodynamically, struc- 
turally and dynamically. The aircraft 
engineers also serve as technical consult- 
ants on aircraft and missile designs, 
translate results of their research and 
study into specifications and design cri- 
teria for use by manufacturers, and work 



Cot. M. C. Demlcr, Vice Commander 


to increase the range and performance 
of aircraft and missiles. 

► One of a Kind— Unduplicated in the 
U.S. and possibly in the world are 
facilities or the structures building, 
which is equipped witli o\'erhcad cranes 
with capacities up to 300,000 lb. It 
has a big enough clear space so struc- 
tures tests could be run on the XB-56 
in one piece. “We bad to take it in 
sidewavs,” one of the structures labora- 
tory chiefs explains. 

Tire tests involve applying static loads 
on complete airframes or on assemblies 
sucli as wings and tail surfaces. 

► “Whiffletree’’ System— The principal 
method uses a neoprene tension patch 
cemented to the structure to be tested. 
Hydraulic cylinders applv the desired 
load through a metal plate cemented 
to the outside of the patch, and tire 
result is a close simulation of the actual 
flight load which that part of the plane 
may have to take. 

the patcli system is sometimes called 
the '‘whiffletree” system because of the 
resemblance of the linkage to the fa- 
miliar nrcthod of hitching a horse to a 
cart. 

Development of this system goes back 
to 1938, when E. R. Weaver, s’etcran 
civilian engineer, and Col. Paul Kem- 
mcr, lab chief, were credited with de- 
veloping it to replace the old loading 
practice of using .sirot bags, .\lthough 
the shot bags ate still used on some 
tests, the neoprene patch svstem has 
spread to virtually all major U. S. air- 
craft plants. 

fairly recent refinement of the 
system, credited to industry develop- 
ment, involves placing under the patch 
a vinylite blanket rvhich is evacuated 
with a vacuum pump to increase the 
tension. 

On a recent day in the structures 
lab, you could see simultaneouslv un- 
dergoing such tests: the North Ameri- 
can F-86H (improved Sabrejet) and two 
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^ fneetmg minds ...TO WIN A WAR BEFORE IT STARTS 


These men are discussing your future. They know 
that atomic war is for keeps. They know that tomorrow’s 
defenses against atomic attack must be planned today. 

Across the seas, in other lands where freedom is a 
fiction, other minds are meeting. They know, too, that 
victory is not merely won ... it is planned. 

Watch lor 


At Convair, planning lor tomorrow has priority 
equal to production for today. While producing the 
missiles, fighters, and bombers needed today, Convair 
is engineering the weapons of tomorrow — weapons 
to win an atomic war the only way it can be won — 
before it starts. 


built by Convair engineering that aims at 

r.. .Engineering to the Ntfi pewei- 
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FROM HERE TO THERE-ZT’S FASTCR BY AIR! 



You can get from where you are to where you want to be faster by air. 

That's why hundreds upon hundreds are joining the thousands upon thousands who yearly 
travel millions upon millions of miles -by air! Next time save time — your time fly! 


You're boarding a United Airlines 
Coi>vair-Liner 340 — and there on the wing 
you see the Rohr-built "power packages ' 
ready to wing you along the skyways 
of the world. For the Convoir 240, and its 
successor, the Convair 340, Rohr 
manufactures and assembles the engine 
mount, cowl panels, ducts, exhaust system, 
tanks and alher units which transform 
a Pratt S Whitney engine into a complete, 
ready-to-install "power package," 
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CERAMICS are compouaded for high-Iieat use. 


versions of the Northrop F-89 Scorpion 
jet night fighter— tlie F-89C and F-S9D, 

► Hot Tests— Interesting example of 
how tlie problems arc multiplying as 
requiremeuts become increasingly se- 
vere is the attention now being focused 
on structures tests at high temperatures 
(similar to those that ate beginning to 
be encountered due to highspeed itic- 

The problems involve distribution of 
tlic heat over the airframe to represent 
different temperatures and to reproduce 
thermal shock due to rapid change in 
temperature in a structure which may 
be hot on the exterior and still cold 

Temperature changes as rapid as 10 
deg,/sec. ate considered commonplace. 
Preliminary tests with heat ovens indi- 
cate that some other means of struc- 
tures tests in which the beat will be 
applied locally probably will be requited. 

Corollary problems involve develop- 
ment of a new method of applying the 
loads at high temperatures, with mate- 
rials that can withstand the temper- 
afutes better than the neoprene or 
shotbags. 

► Movable Walls— Movable test cham- 
ber walls and welded steel windtunnel 
blades are innovations which the air- 
craft laboratory windtunnels are put- 
ting into use to get more out of their 
present facilities, 

TTie moveable walls of the IMt. 
transonic tunnel can be expanded or 
contracted by operation of hydraulic 
jacks to provide subsonic or supersonic 
airflow under the same power condi- 
tions. (The further expansion of the 
air permitted by the larger opening cre- 
ates higher speeds.) 

The WADC tunnel uses a ventilated 
test section developed from work by 
National Advisory Committee for 
Aeronautics for its transonic wind- 
tunnels- So WADC engineers feel 
their tunnel is at least as good as any 


other transonic tunnel today. It oper- 
ates at Mach numbers up to 1.24 with 
good Sow characteristics at stagnation 
pressures up to li atmospheres. Pres- 
sures of 2 atmospheres may be used at 
slightly lower Mach numbers. 

► Completion Cut Off— Here is an ex- 
ample how cutoffs in research funds 
have slowed development. A new su- 
personic windtunnel, with a 24-in. 
throat, designed for speeds of Mach l.S 
to 2.3. is 90% completed. But it will 
not be able to go into operation with- 
out additional funds to operate it. 

Although it is believed that the tunnel 
could be completed and put into opera- 
tion cheaper tlian equivalent windtun- 
nel time could be purchased elsewhere, 
this project has remained virtually in 
"suspended animation” since an econ- 
omy decision by the Department of 
Defense McNarney committee two 
years ago. 



John E. Keto, 
Technical Directar 


► Other Tunnels— A smaller 6-in. section 
supersonic tunnel, built as a scale model 
for the 24-in. tunnel, has been pressed 
into actual use and has produced some 
excellent data, ft now is being reworked 
to step up its top speed from Mach 2.75 
to Mach 3. 

Rounding out tlie WADC tunnel 
complement are the 20-ft. tunnel, ca- 
pable of 400-mph. windspeeds; the 12- 
ft. vertical spin tunnel, one of two in 
tlie U.S.; and the old but still useful 
5-ft. windtunnel in the lowspeed range, 
which dates back to old McCook Field, 

► Available to Manufacturers— Any mili- 
tary contractor can windtunnel-test his 
new aircraft design in any of tlie 
WADC tunnels, if it is scheduled by 
tire weapons system division. 

Most models tested are provided by 
die manufacturers and are built with 
such painstaking attention to detail that 
costs tun as high as $80,000 for a single 
unit. Models up to a maximum of 14- 
ft. span can be tested in the 20-ft. 
tunnel. 

Data from die tunnel tests is ob- 
tained tlirough tiny pressure orifices on 
the surface of the models, with as many 
as 300 orifices and 300 pressure tubes 
on a single model. Recording is done 
automatically by an International Busi- 
ness Machine printer and cardpunch. 
A computations unit reduces the data, 
by taking 10% of the cards, but a com- 
plete record remains available if needed. 
A tcleplotter machine which plots eight 
curves at once, is anotlier automatic aid. 

It takes about two to three weeks to 
complete an average test, although a 
complete windtunnel evaluation in a 
single tiedown configuration may run 
as Tong as two months. 

► Every Plane— One goal of the aircraft 
laboratory is to spin test every fighter 
and trainer before it is flown. It is 
felt tliat there is still no way to predict 
mathematically or empirically the spin 
characteristics of an aircraft and the 
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only way to pin this down is by ilic 
spin tunnel t^hnique. 

A lestriction against intentional spin- 
ning of a plane should be tlie last re- 
sort, only after other modifications for 
improving spin recovery characteristics 
arc thoroughly tested. 

► Design Branch— Probably the most 
uninhibited group of engineers in 
WADC are the members of the pie- 
liminary design group in tlic aircraft 
laboratory. It is their task to prepare 
various alternate designs of aircraft and 
missiles based on the state of the art 
as it is expected to be five to 10 years 

I'hey must put together design in- 
formation from every available source 
into designs that will guide the Air 
Force planners on petfonnance that ex- 
pected aerodynamic and propulsive ad- 
vancements will be able to provide. 

Their estimates are a major basis for 
the formulation of actual Air Force re- 
quirements for future weapons systems, 
so the accuracy of their future projec- 
tions is very important to the success of 
the weapons systems. 

► Various Approaches— "We never make 
a finite recommendation that one con- 
figuration is the answer but we study 
the whole field and show various capa- 
bilities with different approaches to the 
problem," one of the engineers ex- 
plained. 

Models of enormous 500,000-lb.- 
gross weight aircraft— dwarfing even the 
Convair XC-99, largest of today's planes 
—and a plaxy of model configurations, 
many of which are like nothing flying, 
can be seen in this branch. In some of 
the older models, however you can trace 
many proposed innovations in design 
just now appearing in some of our 
latest aircraft. 

► Mechanical Branch— Powerful inertia 
brake testing machines which stimulate 
landing speeds up to 200 mph. with 
tire loads up to 316,990 lb. give air- 
plane wheel, brake and tire assemblies 
a rugged proving in another aircraft 
laboratory installation. 

As a sample of experimental develop- 
ment, one tire tested here is designed 
for 325-lb. pressure. Its 5i-in. tread 
heats to 400F at contact. 

This mechanical branch also con- 
ducts increasingly important tests on 
liydraulic, pneumatic and mechanical 
actuating systems and their compo- 

► Special Projects— Development of a 
wide range of miscellaneous projects 
necessary for successful operation of 
weapons systems— from aircraft emer- 

f ;ency escape systems, down to cowl 
asteners and rivets, pressure sealing of 
cabins, and integral fuel tanks— is the 
assignment of a special projects branch 
in the aircraft laboratory, 

A complete laboratory unit within 

lOS 


tills branch, fur example, is assigned to 
research and testing on bearings, con- 
sidered one of the most critical prob- 
lems in modem aircraft. This includes 
not only the jet engine bearings, which 
determine the actual life of an engine, 
but bearings on which aircraft (light 
controls operate, and many other types 
of bearings. 

Here you will sec odd Rube-Gold- 
berg-type machines turning and turn- 
ing, wearing out specimen bearings of 
chromium, vanadium steel, cobalt steel, 
ceramics and other materials, llie 
bearings are tested for friction, for oxi- 
dation, for heated conditions, and arc 
checked during the tests with special 
optical, electronic and mechanical gages. 

One prized piece of equipment in 
this laboratory is a rare Zeiss inter- 
ference microscope which magnifies 
680 times. It is one of three in the 
U.S. 

► Aerodynamics and Dynamics— The 
two other principal branches of tlie air- 
craft laboratory are concerned with the 
application of newly gained aerodynamic 
knowledge in improving flight charac- 
teristics from the standpoints of lift, 
drag, and stability. TTiey work closely 
with the windtunnel and structures 
branches. 

Problems of Sutter-the unstable os- 
cillation of a wing or tail surface which 
can build up until it destroys the air- 
craft— which has been a designer’s buga- 
boo for many years, are still being 
studied here. Theoretical methods have 
been developed to predict flutter in sub- 
sonic speed ranges, but they are not 
yet adequate for the new aeroelastic and 
dynamic problems found in the tran- 
sonic and supersonic speeds. 

Important too in dynamic research 
is the study of excessive loads imposed 
on planes in taxiing, takeoff, landing 
and in fligirt throu^ gusty air. The 
WADC engineers are directing tests to 
establisli practical ranges for dynamic 
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loads ill these conditions for specific 
aircraft, 

► Many Contributions— Tiic aircraft lab- 
oratory looks back on many contribu- 
tions which its own engineers and in- 
dustry engineers under its project direc- 
tion have made to advance the aero- 
nautical art. 

Some contributions the lab claims: 

• First stressed-skin aluminum wing. 

• First investigation of rocket assist for 
takeoff. 

• Pioneering in spin testing and devel- 
opment of the first spin recovery paia- 

• Pioneering in pressurization of air- 
craft cabins. 

• Pioneering in flight testing for flutter, 
and in dynamic simulation of flutter on 
aircraft models. 

• Development of vibration-isolating en- 
gine mountings for radial engine and 
propeller combinations to isolate the 
vibrating impulsc-s of the engine from 
the aircraft. 

• Pioneering in recording vibration in 
aircraft structures in flight, 

• Pioneering in development of magne- 
sium as an aircraft wing material. 

• Pioneering in the field of windhmnel 
instmmentation, incliidiog the develop- 
ment of digital converters on recorders. 

Powerplants Lab 

The American aircraft engine indus- 
try is best qualified to do the actual 
design fabrication and development of 
aircraft propulsion. This is the policy 
that governs the WADC powerplant 
laboratory. The lab, irowevet, reserves 
to itself the task of guiding and evalu- 
ating tlic manufacturers’ development 
efforts and solution of powerplant prob- 
lems developing in field operations. 

► Eight Types— Today the laboratory is 
working with eight types of power- 
plants, plus several hvbrid combinations 
of the basic types. Ttiese include turbo- 
prop, turbojet, piston, ducted fan, ram- 
jet, pulsejet, rocket and atomic-power. 
Eacli type has its own problems in 
fuels, lubricants, installations, power 
transmission, ignition, starting, etc. 

Development brandies assigned to di- 
rect the programs in these fields include: 

• Rotating engine branch for piston and 
turbine engines, starters and helicopter 
transmission systems- 

• Non-rotating engine branch. 

• Nuclear propulsion branch. 

• Accessories branch. 

• Installation branch. 

• Fuels and oil branch. 

► Test Facilities— To monitor the devel- 
opment work of the powerplant indus- 
try, the laboratory’ operates engine test 
facilities for sea level calibration, and 
endurance and simulated high-altitude 
tests. Those facilities are among the 
largest and most varied in the world. 
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Motion Pictures 


with mm High-Speed 

Fastax picture studies, wich the blur 
of speed slowed down as much as 1,000 times, enable engineers to see 
plainly . - . dearly . . . study design problems leisurely. Fastax speed 
range of 150 to 16,000 pictures a second literally stops motion. Viewed on 
the screen at the normal speed of 16 pictures per second the hand ... the 
machine . . . action is no longer quicker than the eye. The magic of speed 
is gone. 

Yes, Mr. Paul, Fastax has helped solve design 
problems for hundreds of America’s leading com- 
panies, laboratories, universities. It can help solve 
the problems you mention, too. 

WRITE on your company letterhead for 
le new Fastax High-Speed Motion Pic- 
ure catalog. FASTAX Division, Wollen- 
sak Optical Co., Rochester 21, N. Y. 


► Better Relays Needed-Few relays can 
stand up under high-intensity vibra- 
tion even for short intervals, Paul re- 
ported. He cited these types of failure: 
chattering contacts, sticking armatures, 
mechanical breakage, and increasing 
contact resistance. 

Balanced-armature type relays are par- 
ticularly susceptible to failure, Paul 
said, adding that JPL had found only 
one relay of this type that could with- 
stand the 10-20G missile environment 
vibration. 


See where relay 
failures lie . . . 

y CHATIERINC CONTACTS 
y STICKING ARMATURES 
y MECNANICAl BREAKAGE 
y INCREASING CONTACT 




Turbojet engine tests stands are capa- 
ble of testing engines up to 40,000-Ib. 
thrust at sea level, or about four times 
the power of today's operational turbo- 
jets. Ramjet test facilities can test a 
small ramjet at Mach 4 at simulated 
altitudes in the neighborhood of 100,- 
000 ft. under either frcc-jct or direct- 
connect conditions. 

Technical problems involved in 
simulating the extreme altitudes and 
temperatures have requited huge re- 
frigeration and air conditioning systems 
tor the stands. 

Other test facilities provide for quali- 
fication test and environmental test of 
such items as fuel metering and control 
devices, ignition, engine accessories, 
fuels and lubricants, and components of 
fuel and lubrication systems including 
lines, seals and tanks. 

One example of the test requirements 
is a new air preheater recently installed 
for ramjet tests which feeds air into the 
engine at 1,200F simulating tempera- 
tures encountered at Mach 4 speeds. 

Rocket test facilities operated at 
WADC are supplemented by the large 
rocket engine test facilities operated at 
Edwards AFB, and the laboratory also 
works closely with other ARDC facili- 
ties for flight test of aircraft and missiles 
on powerplant problems. 

►Engineeruig Fixes— Tire familiar Air 
Force "UR" system of unsatisfactory 
reports for engines comes home to the 
powerplant laboratory, where each case 
of a malfunction is referred to the 
branch responsible for its development. 

In the poweqjlant teardown and ma- 
chine shop section, you can see a wide 
variety ot engines, actually called in 
from the field for examination and en- 
gineering fixes on specific problems. It 
is a costly way to trouble-shoot, but it 

pag su s n la ivi en s m positive 

►Achievements— While much of to- 
day’s work is under security wraps, some 
idea of the part the powcrplants lab- 
oratory is playing in the aircraft propul- 
sion picture is found in study of scfme 
of the past developments in which the 
laboratory engineers have played iiH- 
portant roles. 

Basic patents on some of the most 
import.int features of today's power- 
plants are held by former and present 
staff engineers. Some of these dei'elop- 
ments include: 

• First internally cooled exhaust valve 
for piston engines- 

• Sponsorship of the turbosuperchargei. 

• Sponsorship of highnsctane-iating 
aviatioD gasoline. 

• Invention of the oil dilution system 
for starting engines at low tempera- 
tures. 

• Early work on singlcpoint refueling, 
and on water injection for aircraft en- 
gines. 

no 


• Basic work on high-temperature cool- 
ants for liquid-cooled engines. 

• Early work on individual cylinder 
fuel injection. 

• Early recognitioii of tlic importance 
of more powerful turbojet engines at a 
time when l,500-lb.-tlicust engines were 
considered sufficient. 

Flighf and All-Weather 

At 45,000 ft. over a tiny island in 
Lake Erie, a sweptwing North Ameri- 
can F-86 Sabre jet figliter noses down 
into a roaring highspeed dive in an 
attempt to aim tlie shockwave which 
the dive creates at another F-86 circling 
the island below. 

Pilots of both pliuics arc Wright Air 
Development Center test pilots, study- 
ing the little knosvn phenomenon of 
shock waves and tlicir effects on objects 
they strike. They ate graduates of the 
Air Force Test Pilots School at Edwards 
.^FB, Calif., and every test flight they 
fly is a carefully pre-planned checkout 
of the airplane and/or tlie equipment 
it carries, under some special condition 
of flight. 

► All-Weather Tests— Since the concept 
of developing an all-weatlier air force 
was adopted, the Air Force has entered 
a new phase of flight testing, which be- 
comes Phase V— all-weather flying— in 
tlie rigorous program wliicli a new air- 
plane must experience. This phase is 
carried out from the air base at Area C 
of Wright-Pptterson AFB, by WADC's 
Directorate of Flight and All-Weather 
Testing. 

In addition to tlie Phase V tests for 
all neu' airplanes, the pilots are called 
to fly many other project flights, test- 
ing nei\ equipment and doing special 
research such as the shock wave experi- 



Col. S. R. Stewart, Chief of Staff 
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planes ate assigned to the Area C flight 
test hangars, and until recently the 
number was up to 200. As many as 15 
Boeing B-47s have been at tlie base for 
the last year, undergoing tests related 
to various equipment changes and fixes, 
including ejection seats, drag parachutes 
and inflight refueling. 

A check of one test pilot’s log showed 
that he had flown tests on the following 
planes in the last month: B-36, B-47, 
B-29, B-50, B-17, B-26, and B-45, for 
a total of 61 Sight hours. 

► Flight Refueling— Some of WADC’s 
bomber branch test pilots have recently 
made flight refueling tests of the new 
Boeing prototype KB-47 jet tanker with 
a B-47 receiver plane, and other recent 
tests have been made with a Convair 
B-36 bomber outfitted as a tanker, us- 
ing both the flying boom and probc- 
and-drogue roethotR of refueling- 

Example of how routine the probe- 
and-droguc system is becoming is found 
in the story of a Navy jet pilot who 
asked for a checkout and ran up a 
score of 36 connects and disconnects 
during a Right between Dayton and 
Columbus, although it was his first 
.lerial refueling experience. 

In the refueling equipment tests, the 
WADC pilots take the tanker and re- 
ceiver planes through specified speed 
and altitude conditions checking out 
the equipment at intervals tlirougliout 
this range. A jet T-33 cliase plane 
usually accompanies the fueling tests 
for pfiotograpnic coverage of the pro- 
cedure. 

► Powerplant Test— .A fighter test pilot 
cited one of his unusual assignments— 
a flight test with a Lockheed F-94C 
nightfighter powered with a Pratt & 
Whitney J48 engine with afterburner. 
This particular test involved testing the 
Icinpcraturcs in all of the combustion 
chambers in flight by recordings from 
temperature probes in each burner can. 

► Weather Variety— The varied weather 
found in the Miami River valley, and 
the valleys of its tributaries, makes the 
Wright-Patterson base an ideal loca- 
tion for the Phase V all-weather testing. 
Objectiie of this phase is to test the 
ability of the aircraft to fly under ad- 
verse weather conditions, and to de- 
velop special recommendations, if neces- 
sary, for instrument and night flight 
Operation- 

Missions are flown day and night, un- 
der a variety of ceilings and visibilities, 
in icing and turbulent conditions. Local 
flights are monitored by ground radar. 

Data from the flight is compiled into 
a comprehensive ci'aluation of the 
plane's all-weather capabilities. This 
data becomes the basis for operating 
instructions furnished with the service 
airplanes, outlining techniques to be 
used by combat pilots under instru- 
ment conditions from takeoff to land- 
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The CAT IS the Answer 
TO LOW-COST, PRECISION IIS APPROACH 
• Prevents missed ILS approoch. 
e Relieves pilot pressure during let-down, 
e Completely automatic operation, 
e Instrumentation is not disturbed, 
e Tested by Eastern Air Lines two years, 
e CAA approved. 

e Costs only $495.00 (exclusive of modification.) 

Write today for complote infermatlen and speciflcaflont 


Fourteentb and Chestnut 
Kansas City 27, Missousd, U.S.A. 




aircraft engine tube assemblies 

Machined occurately/ 

Bent accurately, 

Brazed accurately 

'^<spi:oiAi. MACHINE TOOL ENGINEERING WORKS 

These tube assemblies, which provide return oil lines in a famous- 
. make aircraft engine, proved “too lough to handle” for several sub- 

contractors. But SPECIAL Machine Tool Engineering Wbrics has been 
able to meet both specifications and delivery dates. 

Special combines the engineering ability, high-caliber worionan- 
ship, tight quality control and necessary equipment required to: 

I • machine fittings to close tolerances and smooth micro-finishes with 

perfect threads 

• braze to withstand pressure test and X-Ray inspection 

• iend tubing to rigid tolerances 

• design and produce metal Acceptance Fixture Gages to check con- 
tour of tubing and location of fittings, thus eliminating assembly 
problems. 

No wonder blue-chip companies in the aircraft and other industries 
have made a habit of calling in Special at the planning stage. You 
will find it profitable to do the same. 


MACHINE TOOL ENGINEERING WORKS 

134 lafayelle Sh, New York 13, N. Y. 
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ing, including recommended airspeeds 
and power settings. 

Many of the pilots are on assignment 
at manufacturers' plants, or on special 
arctic or tropic tests several months of 
the year. 

► Atomic Tests-One told how he flew 
the XB-47 out of the Bikini atomic 
tests two years ago and made a little- 
known emergency landing with a drag 
chute on an abandoned 4.400-ft. run- 
way on a Pacific island which had been 
a Japanese airstrip during World War 
II. 

Three crews from the WADC flight 
test organization flew B-50 and B-29 
planes in more recent atomic tests. 

► Maintenance Ciews-To keep the 
test planes flying, a maintenance or- 
ganizah'on of 700 persons is assigned 
at Area C. These men also handle 
special installations, working with lab- 
oratory technicians responsible for the 
equipment installed. 

Aero Research Lab 

In a test building at Wright Air 
Development Center, a model of a 
nose wheel landing gear is running 
through a series of tests aimed at elimi- 
nating the undesirable ‘'shimmy” char- 
acteristics which have wrecked a 
number of Air Force planes, including 
a Northrop XB-49 jet flying wing and 
a Fairchild C-119 cargo transport. 

These tests are being conducted 
simultaneously avith contract investiga- 
tions at Cornell laboratory; at Fairchild 
at Hagerstown, and at Bendix Aviation 
at South Bend, on actual aircraft. 

► Computers Too— Meanwhile, the 
aeronautical researcli laboratory at 
WADC is running mathematical prob- 
lems, involving all the parameters being 
tested in the actual tests, through its 
computers. The computation branch 
can make about 100 test runs to each 
actual nm made on the model. 

This is an example of the investiga- 
tions being canied on by the Aero 
Research Lab. Its task is to examine 
special problems, such as the landing 
gear stability problem, affecting a wide 
range of aircraft, and determine a 
general practical solution which can be 
applied as an advancement in the aero- 
nautical art- 

► Plaving tlie Field— The newest of 
WADC’s 12 laboratories "plays the 
field" in a svstematic scanning of tlic 
entire physical science horizon, area by 
area, looking for new and better con- 
cepts, techniques, and materials to 
apply to improvements in air weapons. 

Its scientists work in project teams. 
Of its projects, 75-3% are under con- 
tract to outside organizations uilh 
.specialized equipment and apparatus 
or with specialized technical skills. 
Bvproducts of many of the projects, 
useful commercially rather th.in mili- 


tarily, ate made available to industry for 
commercial development. 

► Computer Research— Through mathe- 
matical computation, the laboratory has 
found faster and cheaper means to 
study aerodynamic cliaracteristics of 
modem air vehicles- The new methods 
are about 75 times faster than previous 
methods, and one-tenth as costly. Using 
the prodigious "memory” capacity of 
large digital computers such as a new 
General Electric “brain" recently in- 
stalled at the laboratory, extremely long 
sequences of mathematical operation 
can be run off with rapidity. 

Some of the investigations that have 
already been made mathematically m- 

• Study of vibrations in delta wing 
airplanes and in propellers. 

• Analysis of the escape of crew mem- 
bers from highspeed aircraft. 

• Analysis of parachute opening shock. 

• Investigations of flow in ducts and 
windtunnels. 

• Analysis of breaking strength of ma- 

► Incalculable Aid— The value of the 
computers in speeding the reduction 
of research data obtained in windtun- 
nels and other testing equipment is 
probably incalculable. 

Before the installation of these ma- 
chines, a backlog of data existed on 
such problems as flutter analysis, design 
parameters for autopilots, bombing 
systems, propeller control systems, fire 
control systems, and equations ot 
motion of aircraft in complicated 
maneuvers such as rolling and pullup. 

Now the electronic machines arc 
rapidly overcoming this time lag be- 
hveen tests and data application. 

Interesting byproduct of the com- 
puting researcli technique is a small 
lightweight automatic data reduction 
computer for airplane installation. This 
is designed to reduce complex flight 
test programs to simple answers. 

Otlier computing machines have 
been designed for demonstrating re- 
sults of various war strategies, and for 
solving complex logistic problems. 

Propeller Lab 

Research facilities of Wright Ait De- 
velopment Center's propeller laboratory 
are not duplicated in the U.S. and 
probably not in the world. Therefore. 
WADC docs electric whirl-testing of 
propellers and helicopter rotors for 
Navy aircraft as well as for Air Force. 

► Supersonic Props— Development con- 
tracts with the principal propeller man- 
ufacturers for nc«- types of turbine 
props to pro'idc thrust for supersonic 
airplanes hare been follorved up since 
mid-World W'ar II days. 

The laboratorv's persistence in this 
field, even when’some Air Force policy 
trends were calling for br-passing the 
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propeller completely, is now beginning 
to pay off. Flight tests have begun on 
a McDonnell XF-88B Voodoo twin-jet 
fighter which has been modified to 
carry a turbine turning a small super- 
sonic thin-blade propeller in its nose. 
This work is proceeding under a de- 
velopment contract sponsored by the 
propeller laboratory. Several other 
supersonic propeller developments are 
close to flight test stage. 

► Rotor Ris— Meanwhile the first larec- 
dia. rotor blades for the new Piasccki 
XH-16 helicopter recently have been 
delivered for whirl-testing on the lab- 
oratory’s rotor tower. 

The tower accommodates 95-ft.-dia. 
rotors, and has a 4.000-hp. motor to 
whirl rotors at from 150 to 600 rpm. 
at a 50-ft. altitude, duplicating condi- 
tions in flight above or at the top of 
ground cushion. 

► Prop Testers- Mo.st powerful pro- 
peller whirl rig, nosv being completed, 
will be powered bv a 30,000-hp. motor. 
Used with adapters, it «ill be capable 
of testing jet and turboprop engine 
compressors, as well as propellers. It 
will be able to turn these rotating ele- 
ments at speeds up to 12,000 rpm. and 
develop up to 150,000 lb- thrust. 

Other propeller engine test stands 
are provided with capacity for running 
engines rated as higli .as 8,000 hp. In 
addition, one of the 40-ft.-dia. stands 
is being modified to accommodate tur- 
bine engines up to 15,000 .slip. 

► Other Devices— Other interesting 
equipment at the propeller lab includes: 

• Fatigue testing equipment for vibra- 
tory fatigue testing of rotor blade sec- 
tions up to 10 ft. long and 28 in. wide 
under ten.sion loads up to 100.000 lb. 

• Radio noise suppression equipment 
for study of propeller radio intmcrence. 

• Experimental prop and rotor shops 
for assembly and modification of units 

• Propeller control testing equipment 
for studving propeller hubs in tempera- 
tures of minus 97F and for vibration 
strain gage testing. 

One interesting method of testing 
involves a propeller rig with the blades 
whirled in the blast from the tailpipe 
of General Electric J47 ict engine. The 
Mast and the use of baffles make it 
possible to put the blades of the pro- 
peller through a complete cycle of 
loaded and unloaded condition, once 
for every revolution of the prop. 

Equipment Lab 

The research and dcrelopmcnt work 
of the equipment laboratorv leads all 
other groups at WADC in both num- 
ber an^ diversity of projects. It is re- 
sponsible for 276 different classes of 
equipment items, which amount to 
21.5% of all the specifications for items 
used by the Air Force. 
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Pacemaker . . . 
of aviation progress 


The aircraft in this photograph is going places — high and fast. It 
is the X-IA, another in the distinguisheo series of special research 
aircraft designed and produced by Bell Aircraft Corporation for 
the U. S. Air Force. 

Like its famous predecessor, the X-1 . . . first airplane in the 
world to exceed tiie speed of sound ... the X-lA is symbolic of 
the emphasis Bell Aircraft has traditionally placed on research and 
development as a major instrument in strengthening the nation's 

Valuable design and performance information gathered from the 
X-I series is now being incorporated in the country's front line 
fighters and bombers. 

These special research aircraft have also facilitated Bell Aircraft's 
transition to a new field — pilot-less aircraft, or as they are more 
commonly known, guided missiles. 

With the company's vast experience in supersonic and remotely 
controlled flight as background. Bell's scientists and engineers ace 
pushing forward the development of missiles with an intensified 
and diversified program of electronics, servomechanisms and 
rocket propulsion — providing today's research for tomorrow's 



Principal subdivisions include: 

• Ground servicing equipment for air- 
CTaft. 

• Electrical equipment, both airborne 
and ground. 

• Instruments, ranging from flight 
control and engine to meteorological 
units, Islemetering systems, radiological, 
biological and chemical detech'on instru- 
ments, and warning signal instrumenta- 
tion, together with acce.'sories, mount- 
ing, lighting, etc. 

• Maintenance and support ground 
equipment, including fire fighting ve- 
hicles, hoists, aircraft jacks, towing ve- 
hicles, etc. 

• Mechanical equipment for de-icing, 
heating, cooling, pressurization, cargo 
handling in the aircraft. 

• Parachutes for personnel, cargo and 
deceleration of aircraft. 

• Airborne lifeboats and other rescue 
equipment. 

• Training equipment, ranging from 
elaborate fliglit .simulators of specific 
airplanes, to aerial tow targets. 

► Climatic Tests— To test the operation 
of various equipment items under 
severe conditions similar to some they 
may encounter in flight, the laboratory 
has an extensive array of test equip- 
ment. This includes a battery of cli- 
matic condition chambers for simulat- 
ing virtually any condition that can be 
encountered in aircraft operah’on any 
place in the world. 

Some of these specialized cells will 
simulate salt fog for corrosion tests; 
sand and dust equivalent to the severest 
sandstorms known in nature; humidity: 
sun and rain alternately; extreme dry- 
ness with only 5% humidity or less; 
fungus growth in warm moist condi- 
tions. and high-altitude conditions up 
to 150,000-ft. levels. 

► Centiifngal Forces— In other tests, 
equipment is exposed to terrific centri- 
fugal forces by whirling in centrifuge 
machines. Two of these machines are 
used. One will spin a 25-lb. piece of 
equipment with up to 100 times the 
force of gravity, or a 100-Ib. item at 
up to 25G. 

A typical item under test in this 
centrifuge was an automatic parachute 
opening device, operating on an an- 
eroid Mrometric pressure principle. 

A larger centrifuge will subject equip- 
ment weighing up to 2,000 lb. to cen- 
trifugal forces equivalent to 40G. This 
includes an anangement by which a 
second rotational force can be operated 
inside the orbit of the main rotation, 
so that the equipment can be exposed 
to two rotational forces simultaneously. 

► New Instrumeol- Example of flie 
complex specialized instruments under 
development as the result of higher 
speeds is a new type indicator to show 
indicated airspeed, Mach number and 
true airspeed, all on the same dial. 
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The instrument is provided in two 
sizes— the larger is sctiedulcd for in- 
stallation in the Boeing 13-52 cight-jet 
bomber, and the smaller for installation 
111 the F-101 jet fighter. 

Indicated airspeed covers range of 
bU to 650 knots; Mach number range 
is from 0.5 to 2.2; true airspeed range 
is 150 to 900 knots. The indicator 
will operate over an altitude range of 
zero to 80,000 ft. 

A remote computing mechanism ac- 
tuates a scrvomeciianism to indicate the 
true airspeed on a Vcedei-style counter 
on tire dial. A remote altitude-sensitive 
incciranism actuates tire Macli number 
scale, while the same pointer shows in- 
dicated airspeed on a fixed dial, and 
Macli nunitx:r on a moving scale. 

► Dc-Icct Sprayer— An example ot spe- 
cial ground equipment developed is a 
de-icmg sprayer, winterized to operate 
at temperatures down to minus 65F. 
it quickly removes frost and ice from 
parked aircraft by spraying them with 
chemical de-icing compounds. Device 
includes a higli lift platform rising to 
50 ft.; from this ground crews can now 
reach the most inaccessible exterior 
surfaces ot the largest aircraft in service. 


Photo Recon Lob 

To insure that aerial photography for 
intelligence keeps pace with the new 
higher speeds and altitudes of today's 
and tomorrow's aircraft is a mission 
which has brought today’s air photog- 
raphy a long way from World War II 
days. Even then it was estimated that 
aerial photography provided 80% of 
the intelligence material actually found 

Night operations of the Reds in 
Korea have been successfully exposed 
by USAF's night aerial photography. 
Illumination lias come from huge photo- 
flash bombs that provide sufficient light 
for good photograplis from as high as 
•40,000 ft. and flash cartridges each pro- 
viding over 100 million candlepowei 
for use in low-altitude highspeed photo- 
graphic runs. 

► New Equipment— Two new stabilized 
camera mounts, developed as projects 
of the photo reconnaissance laboratory 
at Wright Air Development Center, 
are being accepted by the Corps of 
Engineers as superior to previous stabil- 
ized mounts, for accurate mapping 
photography. 

One uses a gyro-stabilization principle 
and the other handles the camera as part 
of the armature of a large motor, mov- 
ing it by windings similar to those of 
an electrical motor field. 

► In Rockets and Missiles— Excellent 
performance has already been given fay 
cameras carried in rockets, and camera 
equipment is being designed for missile 
and robot aircraft installations- 
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ISOLATION NOTES 


This NEW Product Bulletin gives YOU 

COMPLETE ENGINEERING DATA 
on ALL-METL BARRYMOUNTS 


BARRY 


700 PlIASANI ST.. WATERTOWN 72. MASSACHUSETTS 
SALES REPRESENTATIVES IN ~ 


Materials Laboratory 

New information about titanium 
alloys, wrapped up in a collection of 
70 equilibrium diagrams that show 
graphically how the alloys react at 
various temperatures, is being made 
available to the U. S. aircraft industry. 

Prepared by Armour Research In- 
stitute under contract to Wright Air 
Development Center, the diagrams 
make possible a selection of the best 
alloys from this group for possible air- 
craft alloy materials. 

► Titanium Alloy— Next step is for in- 
dustry, under CNperimental contracts, 
to make engine components— such as 
compressor blades- from these alloys. 

Goal of this avenue of development 
and testing is the development of 
titanium alloys witli satisfactory prop- 
erties for use under the higher tem- 
peratures and loading conditions in the 
new regime of powerplants for super- 
sonic flight operations. 

► WAE>C Projects-'] he titanium re- 
search is but one phase of a large 
number of materials development and 
testing projects directed by the ma- 
terials laboratory at WADC. These are 

• Service tests recently were completed 
on a high iron-content alloy identified 
as U-912, which lasted longer under 
severe conditions tlian the presently 
accepted jet turbine bucket alloy S-816. 

• Molybdenum tests arc continuing 
witli promise for very high temperature 
applications. But the metal is suscepti- 
ble to oxidation. Efforts to correct this 
drawback are under way. 

• Recently developed aluminum cast- 
ing alloy, which has better properties 
at 600F than any other known alu- 
minum casting alloy, is being evaluated 
for possible use in the Curtiss-Wright 
J65 Sapphire engine. It is identified 
as ML-ailoy. 

• Powdered magnesium alloy recently 
developed is considered to have extru- 
sion and forging properties far superior 
to those of current commercial mag- 
nesium alloys. 

• Plastics research is centering now on 
liigh-tcmperatuie structural plastics of 
silicone and polyester types for ex- 
tended operation at 500h' as an out- 
growth of development of phenolic type 
plastics, which can operate for short 
intervals in such temperatures. The 
plastics are used for various aircraft 

• Rubber development centers on syn- 
thetics with special properties of re- 
sistance to fuel, oil, acid, water and 
extremes of temperature but main- 
taining good elongation strength and 
abrasion resistance. Among develop- 
ments in these fields arc tlie sheathing 
material of polyvinyl chloride rubber 
for wires and cables in today’s airplanes 
and hose used for air-to-air refueling. 


116 


AVIATION WEEK, 


ust 17, 1953 





'Dreams span -the. seas sometimes 

TWA DOES IT TEN TIMES A 


A boy and hi.s llimights by the side of the sen! Do you icmembei 
when tjour imiigiiiatioii wore seven-leiiguo boots and cuiried 
you off to fabled cities in far-off lands, where languages 
and distances didn't matter? Maybe it’s lime to /ice those dreams. 
For today is tile age of llic swift "HVA Constellation— the modern 
magic carpel that can speed you almost anywhere a dream 
can go in less than a single day. Yes, today the whole world is your, 
to enjoy when you follow your fliglits of fancy - . . via TV\'A, 


,«K 




■ EDWARDS 



Flight Test Center 
Probes Aviation’s 
Supersonic Frontiers 


SABRE with special flight test boom. 


by William Coughlin 

Edwards, Calif.-Near the center of the Mojave Desert, less than 100 mi. 
northeast of Los Angeles, lies a huge, level expanse of hard-baked clay and 
silt known as Rogers Dry Lake. Its glistening surface, 13 mi. long and 5 mi. 
wide, throws off a blinding glare mider the hot sun and occasional sand- 
storms swirl across the dry bed. 

Located on the western “shore" of this lake is Edwards AFB. Here, the 
Air Force Flight 'I’est Center sits in judgnrent on the aircraft products of the 
Air Research and Development Command. 


Its diverse facilities sprawl over 
200,000 desert acres to make Edwards 
the second largest Air Force base in the 
U. S., exceeded only by Eglin in 

Without Rogers Lake, Edwards 
would not exist. For 10 months of the 
year, tho lake is dry and its 5ne clay and 
silt surface can support pressures up to 
250 lbs. per square inch. A fully loaded 
B-47 can land without making a wheel 
mark. 

► Concrete Tabletop— “Hard as con- 
crete and flat as a tabletop," is the way 
Brig. Gen- I. Stanley lloltonct, com- 
manding officer of Edwards, describes 
the 65-sq. mi. surface which is used for 
flight testing. 

llie story of Edwards is a story of 
supersonic research craft thundering 
across the lakebed like strange mirages 
and of the world’s top test pilots and 
scientists laboring in desert isolation to 
push back the frontiers of aerody- 

It is a story of tcseurch and testing 
under adverse conditions, with sand 
sifting tlirough rundown wartime build- 
ings to foul delicate avionics equipment; 
with facilities so crowded one contractor 
uses .in alandoned boiler room for office 
space; and with a former laratory serv- 
ing as locker room for some of the 
nation's best military test pilots sta- 
tioned here. 

► Roll of Fame— Tire pilot roster in- 
cludes civilians like Bill Bridgeman, who 
Sew the D-558-II to a record speed of 
1,238 mph, and a height of better than 


79,000 ft.-"where I could see the 
curvature of the earth’’— and military 
men such as Maj. Charles E. Yeager, 
first man to fly an airplane fa.ster than 
sound. 

Here took place what Gen. Hoyt S. 
Vandenberg called the greatest aero- 
nautical achievement since the Erst 
flight of the Wright Brothers— the 
fliglit of the rocket-powered X-1 
through the sonic barrier. 

Here is rising a permanent national 
militatv fliglit test center based on a 

$!20-million master plan nearing onc- 
tliird coinpletion— but which conld be- 


come what one officer calls “monu- 
ments in tlie desert" if threatened cuts 
in research and development funds halt 
its construction. 

► Nature’s Work- But it is the lake 
whicli dominates the base. “Without 
it, the type of experimental flight test- 
ing we do would be impossible,” says 
Lt. Col. William D. Brady, chief of 
the Plans, Programs and Operations 
Div. 

Rogers Lake is a drainage basin for 
much of the Mojave Desert and gentle 
rains cover it with up to 18 in. of water 
in the winter. Desert winds sweep this 
water back and forth during the rainy 
season, annually resurfacing the lakebed 
witli a naturaf action which prompts 
Gen- Holtoncr to call Nature “out best 

Laid out on the lake's surface are 
several runways more than 5 mi. long 
and one runway with a length of 8 mi. 
Only runways such as these could ac- 
commodate aircraft like the X-3, which 
requires a takeoff run of 3 mi. before 
its stubby straight wings can catty it 
to supersonic speeds. The hard lake 
surface also provides the distance 



MVAR rockets loai tiom Sabre suspended to simulate fli|ht conditloi 
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needed for highspeed dcad-stick land- 
ings of rocket-propelled research air- 
craft. 

► Plane-Saving Length— In addition, ex- 
pensive test aircraft many times have 
made emergency landings on the broad 
expanse. Republic's XF-91 made seven 
emergency landings on the dry lake 
during its test program. Only aircraft 
of its type built, its loss would have 
washed out the test program and seri- 
ously delayed development of Repub- 
lic's F-103 supersonic fighter. 

A running total maintained by the 
flight test center shows an estimated 
$218,246,629 worth of aircraft saved 
by the lake since Apr. 4, 1946. "This 
figure is not total value of the aircraft 
involved but merely an estimate of 
amount of damage that would have 
been done had the dry lake not been 
available. 


► Clear and Open-Other important 
factors also influenced the decision to 
locate AFFTC here. Weather while hot 
is so clear that flight testing is possible 
530 days of the year. 

The remote location not only affords 
security desirable for highly classified 
projects but avoids dangers inherent in 
testing experimental aircraft over popu- 
lated areas. Closest town of any size, 
Lancaster, is 30 mi. distant. 

Yet in spite of its desert isolation, 
Eldwards is close enough to Southern 
California aircraft production centers 
to bring the men testing new aircraft in 
close liaison with the designers and 
technicians who build them. North 
American Aviation, for example, op- 
erates up to 10 flights a day for its 
specialists traveling between Edwards 
and the home plant at Los Angeles In- 
ternational Airport. 


The location is well summed up by 
Al Carder, head of Douglas Aircraft’s 
testing unit, when he says: "The good 
Lord had highspeed aircraft in mind 
when he put that lakebed out here." 

► Varied Projects- Fldwards AFB, where 
tlie complete ait weapons package is 
tested for the first time in its develoD- 
ment cycle, is one of the most v ersati le 
installations in the Air Force. AFFTC 
flight tests all USAF aircraft, engines 
and components as well as Army air- 
craft. About 90% of its testing is done 
at the request of Wright Air Develop- 
ment Center. 

Edwards also operates a number of 
special test facilities and the base is 
shared with other government agencies 
and almost all major Air Force con- 
tractors. Work being done by these 
contractors often is for the Navy. 

Such varied projects may he under- 
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way simultaneously as flight testing of 
Navy’s XF4D and XA3D, Army’s H-25 
and L-2J, Boeing’s B-47E, North 
American's YF-100, Republic’s F-84F, 
Douglas’ X-3, Lockheed’s F-94C and 
FairAild’s C-119- 

Commanding oflicer of the test cen- 
ter, Gen. Holtoner, not only is responsi- 
ble for flight testing but also for tbe 
Experimental Flight Test Pilot School, 
the base wing organization, and 
ARDC’s parachute test facility at El 
Centro, half an hour’s jet tide to the 
south. Technical director of the center 
is Richard E. Homer. 

Test FaciMHes 

Special test facilities include; 

• Rocket engine test station, 20 mi. east 
of the main base, where static thrust 
facilities are provided for testing of ex- 
tremely high-thrust guided missile 
rocket engines. The test station is op- 
erated by ARDC almost entirely for 
use by contractors. 

• Highspeed track (10,000 ft. long) 
where supersonic sleds, pushed along 
by rockeb at better than 1,000 mph., 
test seat ejection, parachute brakes and 
such aircraft components as tail sec- 

• Deceleration track (2,000 ft. long) 
located on the northwest shore of the 
lake in "Agony Gulch,” where human 
volimtcers and animals are slammed 
into jolting braking systems to simulate 
G forces receh'cd in aircraft crashes. 


• All-altitude speed course, consisting 
of three ILS radio beams set sideways 
to form perpendicular planes to the line 
of flight, enabling accurate speed meas- 
urements through the course at any 
altitude. 

• Precision bombing range, operated hy 
the Aberdeen Bombing Mission (ABM) 
of U. S. Army to compile bomb tra- 
jectory data used in Air Force bombing 
tables. Study of a new family of bomb 
shapes currently is underwav with the 
B-36, B-47 and B-45. 

• Photo theodolite grid, for the study 


Brig. Gen. J. Stanley Holtoner, com- 
mander, Air Force Flight Test Center 
... has flown every type of Air Force 
fighter from the P-1 to the F-86 . . . 
more than 60% of his 5,500 flying 
hours are in fighter aircraft - . . special- 
ist in aerial gunnery tactics . . , com- 
manded 82nd Fighter Group in Italy 
in World War II . . . awarded Dis- 
tiiigirished Flying Cross . . . bom in 
New York City, 1911 . . . graduate of 
New York University . . . learned to 
fly at Randolph Field 1933 ... did early 
flight testing on Seversky P-35, Curtiss 
P-36, Lockheed P-38 and Republic 
P-43 . . . Poshvar sers’cd as chief of air- 
craft branch. USAF Hq. directorate of 
research and development, 1946-50 . . . 
assistant deputy for development when 
.\RDC was organized in 1951 . . . took 
command of Flight Test Center in 
lanuacy 1952. 


of time and distance relationships dur- 
ing the takeoff and landing of aircraft. 
This installation photographs aircraft 
through a grid which makes possible 
measurement of distance required for 
landing or takeoff roll, climbs and des- 
cents, and acceleration or deceleration. 

• Photo range for night test dropping 
of flash bombs and checking the ac- 
curacy of new photo-reconnaissance 
equipment. 

• Radar facility for tracking and re- 
cording flight test data, such as air- 
speed during either diving maneuvers 
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These Con-trols Guarantee 
^_in Fastene rjQua ljty and „ 




Studies of these records determine 
process averages, machine capaci- 
ties, quality trends, tool and die life. 


This reservoir of inform- 
ation is invaluable for statistical 
analyses and management reports. 
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BONDED STOCK CONTROL 


techniques are:Correlation,Anolysis 
of Variance and Significance Tests. 


LAMSON AIRCRAFT FASTENERS 


Authorized L 


Distribi 





WHATEVER THE SPECIFICATION 
...looK Vi 

FOR SYNCHROS & SERVO MOTORS 


Ketay, the world’s largest producer of 
government approved synchros, offers high 
precision rotary and instrument components for 

most every need, Industry, as well as suppliers 
to the Armed Forces, will find Ketay ready to 
solve their problems with a complete line of 

synchros, servos, magnetic amplifiers, 
computers and control systems. 

If you are searching for a specific size or type... 
if availability is a problem... if engineering counsel 
is needed... Ketay can help. Why not join us for 
an exploratory discussion of your particular 
problem. Write today to Dept N 

WHATEVER THE NEED CHOOSE KETAYI 









MANUFACTURING CORP. 

$SS BrosVvoy, Nsw York 12, N. Y. 
tACIflC DIVISION 
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BOtiINC B-29 "stotk” plane carries a bte model Bell X-l research aircraft aloft fur launching on supersonic flight test. 


or level flight. This consists of a radar 
photo theodolite, an electronic plotting 
board, and electronic rate of change of 
altitude recorder and a photo recorder. 

In addition, the National Advisors’ 
Committee for Aeronautics maintains 
a highspeed rcscarcli facility on tlie 
base. A nesv S3-million NACA installa- 
tion now is under construction. 

Test Phases 

Air Force flight testing at Edwards 
brealcs down into three phases. Other 
phases are conducted elsewhere, either 
by the contractor or USAF. 

• Brief Phase II testing is the first Air 
Force test of a new aircraft. After 20-50 
hr. of flight testing by the manufacturer, 
•AFFTC runs a short test to check per- 
formance guarantees and to determine 
potential value of the aircraft to the 

• Phase IV testing begins witli the first 
of a series of production aircraft. It 
checks pcrfoimance and stability charac- 
teristics in detail and relays this per- 
formance dat.i to WADC for use by 
the Flight Data branch in checking the 
contractor's figures- Information on 
control forces and deflections is passed 
along to aeronautical design groups at 
WADC. Phase IV testing may require 
up to 150 hr. flight time. 

• Phase VI tests use three or more of 
the first production models of a new 
aircraft. Commands which will use the 
airplane, such as Tactical Air Com- 
mand or Strategic Air Command, as 
well as the Air Proving Ground, are 
invited to send pilots and maintenance 
personnel to fake part in Phase VI 
tests, which sinnilate operational condi- 
tions on night, weather, maximum 
range, gunnery and other missions. 
Phase 'VI testing requires about 1 50 
hr. per aircraft. 

The AFFPC project engineer pre- 


[jares a report at the end of the test 
in which he sets up maintenance re- 
quirements, parts consumption and in- 
spection times. l''ield commands use 
this report in drawing up operating 
requirements. 

Throughout these tests, information 
is relayed to the manufacturer for cor- 
rection of deficiencies. The aircraft 
then goes to Air Proving Ground for 
tactical evaluation. 

"At the end of Pliase VI, we report 
that here is a machine or weapons sys- 
tem capable of doing a job," explains 
Lt. Col. Jackie L. Ridley, c'hicf of the 
flight test engineering lab. "Air Prov- 
ing Ground Command at Eglin then 
works out how this machine or weapons 
system can be used by a tactical unit. 
We determine its flying characteristics; 
they determine its com'Sat capabilities.” 
► The Sophisticated Approach— Edwards 



COOK missile jftcT hoc {jII test. 


aims at a mature, sophisticated engi- 
neering approach to night testing, ac- 
cording to Gen. Holtoncr. “This is no 
rowdy testing,” he says. “It lakes real 
scientific knowledge to do the job.” 
Occasionally, howes'er, even a scientific 
pilot cannot resist the opportunity to 
wring out his aircraft in spectacular 
fashion. 

Maj. Chuck Yeager recalls, for in- 
stance, an early flight in the X-l when 
he buzzed the tower with the rocket 
engine dead, then kicked in alt four 
rockets to start up into what was to have 
been an Immelmann. 

“TTie next thing I knew I was upside 
down at 38,000 ft., the nose fell 
through and I shot up to .86 Mach. It 
was somewhat of a surprise.” 

► Production Models— Most flying at 
Edwards, however, is not in research 
aircraft but in forthcoming production 
models. The Air Force Flight Test 
Center, and ARDC in general, con- 
cerns itself with the quality of aircraft 
production— while Air Materiel Com- 
mand worries about quantity of this 
production. Under new USAF produc- 
tion concepts, testing at Edwards be- 
comes even more important. 

Flight testing leads the center into a 
small amount of actual research and 
des'elopment work as it devises correc- 
tions to overcome aircraft deficieneies- 
Miich of the design development in 
“flying tails” and “slab tails" came as 
a result of Edwards flight testing when 
test pilots discovered that the standard 
combination of elevator and stabilizer 
failed to function as transonic speeds 
were approached. F-94C drag chute 
development work was done here. 

Flighf Tests 
And Development 

Heart of AFFTC’s flight testing is 
the Directorate of Flight Tests and Dc- 
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\clopmcnt, headed by Lt. Col. W: 
L- (Mickey) Moore. It consists of l 
laboratories: 

• Flight test operations. 

• Flight test engineering, 

• Engineering. 

• Maintenance, 
t Test Operations-Pilots f 

bomber and cargo st ' 
t operations do the 


► Flight Test 
the fighter, boi 
of flight test 0 


Many of AFFTC pilots hold engi- 
neering degrees and in some eases serve 
as both project engineer and project 
pilot for a test program. In addition 
to testing of new production aircraft 
and components, the pilots fly research 
aircraft such as the X-1. X-4 or X-5 in 






' specimens of the "booze, blondes 
biplanes” species still roam the 
t wastes of the Mojave, the job is 


Douglas test pilot comments. "It’s 
nice to have him along. 1 miss him 
when he’s not there.” 

Fellow pilots say Yeager saved the 
life of an NACA pilot flying the X-4 
when he noticed from his chase plane 


:tual calibration missions. osygen was more plentiful. 

and ►Saved by the Chasei-Oiie Of their ►Sedtrg Eyes-Everest himself tells of 

;ines ino.st important jobs is the flying of three blind landings in the X-1, with a 


Twenty’-one test pilots, all graduates 
of the Experimental Flight Test Pilot 
School, are assigned to this group un- 
der Lt. Col. Frank K. Everest. In addi- 
tion to their duties at Edwards, tl 
pilots work closely with contractors, 
tending mockup and technical coi 
ance sessions and flying prototypes 
before delivery to the Air Force. Their 
services also are available to other com- 

One Edwards test pilot departed re- 
cently for France to evaluate two 
French jet trainers at the request of 
Air Training Command. 

► Flying Degrees— When you needed a 
test pQot in flying’s early days, you 
looked around for a chap with a devil- 
may-care attitude, a terrific amount of 
flying ability and no family. Although 


esting. A nur 


pilots owe their 
of these chase 
planes in time of trouble. 

idgeman. When Bridgeman was tak- 
ing the Douglas D-55S-I1 to record 
' and heights, Maj, Yeager and 
signed as chase 


ts, at- ing the Douglas D- 
impli- speeds and heights, 

■ even Col. Everest were i 


S' 

"’There’s no doubt that Chuck and 
Pete saved me from busting up my tail 
a couple of times,” Bridgeman recalls. 
“I inadvertently spun the Skyrocket 
once. I got to thinking I knew what I 
was doing in lowspeed • ’ 


S'S"”' 

problem of visibility bv calling off the 
altitude— “eight feet to go, seven feet, 
six feet . . . as they descend. 


lake each time. ' 
caused by heavy frosting of the cockpit 
canopy at extremelv high altitudes. In 
spite of the desert heat, the occurrence 
|s not uncommon testing of research 

During first flights of the YB-52, it 
was a chase pilot who discovered oil 
leaks and engine backfires before they 
became noticeable to the pilot. When 
a 10,000-lb. dummy bomb tore loose 
from a B-45 in flight, ripping off bomb 
bay doors, damaging the bomb bay and 
smashing the st-’- ' -- -' 
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Southwest Airmotive 
reports: 

IN BUSINESS FORMS TYPING 

WITH REMINGTON^^^a^lg. TYPEWRITERS 

Tliis Startling figure came right out of an efficiency report made by 
J. J- Nelson, Purchasing Agent at SAC. In his own words: "With the 
new Remington, u;e can turn out 75% more purchase orders. There 
are 50% more Inserts and 40% more information put on each purchase 
order. We have clearer copies with less chance for error . . This 
vividly illustrates how Remington Electrics are handling the flood of 
paperwork which swamped SAC when sales jumped from half a 
million dollars to six million dollars. 

Increased typing production followed immediately after Remington 
Electrics were installed because typing is so much easier. Electricity 
does the work . . . controls the keylx>ard, shifts and carriage return. 
Typists turn out more and better work immediately. 

More inserts can be used because the Remington Electric’s power 
printing and exclusive Impression Control can provide 15 and more 
clear, legible carbon copies at one typing . . . sufficient copies for all 
departments. 

United Airlines, Pioneer Airlines and Glenn L. Martin are just 
a few of the many other organization.s which have discovered the 
economies of electric typing. Leam how you can obtain the same 
benefits. Write for free demonstration or fact-filled 16-page book, 
■'Dividends of Electric Typing” (RE8612). Address requests to 
Remington Rand, Room 1024, 315 Fourth Avenue. Nesv York 10. 

PROFIT-BUILDING IDEAS FOR BUSINESS 
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Flight Test Center Insignia 


hour of flight testing at Edwards, the 
flight test engineering lab puts in 
roughly 30 hr. on the ground on the 
same project, deteimining the air 
maneuvers which the pilot will follow. 

Most of the aeronautical engineers 
at AFFTC are assigned to this section 
under Lt. Col. Ridley. Majority ate 
civilians but here again are found Air 
Force engineer-pilots who have com- 
bined their technical knowledge with 
an aeronautical rating. 

Wlicii WADC sends out a program, 
it is the flight test engineers who tnms- 
late the program of required data into 
a series of flight test maneuvers. Tlicy 
decide how the information must be 
obtained, what instrumentation is re- 
quired to obtain it. They make up the 
test cards which the pilots follow aloft. 
Together with the pilot, they write the 
report, using IBM machines to reduce 
much of the data. 

Flight test engineering lab is made 
up of six groups: 

• Flight research branch, which decides 
upon flight techniques for conventional 
aircraft and determines criteria for test- 
ing new types of aircraft and compon- 
ents, such as helicopters or turboprop 
engines. Long before a prototype ap- 
pears at Edwards tlie flight research 
branch is drawing up a test program for 

• Instnmicntation branch, which de- 
velops, instalb and maintains the 
elaborate instrumentation required for 
flight testing. Test instruments from 
Edwards often are installed in the first 
production aircraft as it moves down 
the contractor's assembly line, thus sav- 
ing both time and money. 

• Performance test branch, which pre- 
pares Phase II and Phase IV flight plans 
—tests related to performance and flight 
characteristics. 

• FImht development test branch, 
which prepares Phase VI flight plans— 
tests related to functional development. 

• Human factors branch, whicfi tests 
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BILL JACK SCIENTIFIC INSTRUMENT CO. 
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AUTOMATIC 



FLIGHT... 


another Sperry first... ISIS 


From the day in June, 1914, when Lawrence Sperry won the 
French War Department's 50,000 franc prize for the first 
“stable airplane,” Sperry has taken the lead in making flying 
more and more automatic ... as flying itself has required more 
and more precision. From the first simple stabilizers have come 
development after development, such as the Sperry Automatic 
Pilot and Automatic Approach Control to guide planes to 
better landings under all weather conditions. 

TODAY. AS ALWAYS, SPERRY LEADS THE WAY 
In production today at Sperry are instruments that give man 
even greater mastery of tfie elements. And the military demand 
is so great that hundreds of subcontractors arc now sharing with 
Sperry the task of meeting these requirements. 


J.i700 solo. rounU-the-world flight. Using the 
Sperry Automatie Pilot, Pott startled the world by 

the plane, under automatic control, flew itself. Post 
explained that a wrench lied to his Angers slipped from 
his hand to awaVen hint if he fell sound asleep, so he 
could check his course and make course changes if 






ry of Powered Flighl. 





Chase Assault Transports are now 
perForming, as routine,- functions which 
previously were deemed impossibilities— 
the delivery— ready for action, of heovy 
arms and equipment directly to front 
line areas, by landing in small unpre- 
pared fields. 

Recent demonstrations of this new 
technique hove proven beyond doubt 
that its potentialities for revolutionizing 
present military concepts are unlimited. 

Chase Assault Transports ruggedly 
built to absorb the withering punishment 
of front line missions, stand alone. 



flIRCRRFT CO../!^ir. 

(uesT TRCfiTon. neuf j€Rsev 




Col. Marion Akers, Cbiet of Sta« 


personal equipment and studies aero- 
mcdical problems during Phase II and 
Phase IV flight tests, a program aimed 
at evaluating the place of the pilot in 
each air weapons system. 

• Data reduction branch, which tian- 
scriljes and computes data for the en- 
tire flight test engineering laboratory. 

► Engineering Lab— Testing not done 
in the air is the concern of another of 
the labs of the flight test directorate, 
the engineering lab. Major group in the 
engineering lab is the powerplant 
branch, which runs static tests of both 
rocket and jet engines- 

Charged with the development and 
testing of the.se engines, the power 
plant branch also supplies engineering 
assistance for experimental flight test- 
ing. It recommends overhaul and in- 
spection periods for the engines of 
USAF aircraft. 

Described by Col. Moore as "almost 
a maintenance facility itself,” this ver- 
satile system designs much of its own 
test equipment and is authorized to do 
major overhaul on all types of aircraft 
engines. 

Other engineering lab branches in- 
clude the photo branch, which tests 
new cameras, lenses and film, and the 
armament branch, which runs tests on 
bomb systems, gunsights and armament 
of new aircraft. 

Currently the armament branch is 
liciping evaluate the Hughes Aircraft 
E-4, E-5 and E-6 fire control systems in 
a study known as Project 456- TTie engi- 
neering lab also is responsible for the 
track branch, which controls the high- 
speed and deceleration tracks, and the 
rocket branch, which operates the 
rocket engine test fecility. 

► Maintenance Lab-Last of the direc- 
torate’s four labs is the maintenance 
lab, which faces the problem of main- 
taining what is probably the most 
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Lt- Col. Walter Mootc 
Director of Flight Test & Development 


saried assortment of aircr.ift, power- 
plants and avionics equipment on any 
•Air Force base-some 53 different types 
of aircraft, ranging from onc-of-a-kuid 
research craft down through small 
Army liaison planes. 

F-84F Projec^ 

The F-84F testing serves as a good j 
tuample of an actual flight test pro- 1 
gram, althougli more urgent than usual [ 
due to the necessity of testing both a i 
new aircraft and a new engine under I 
the strain of foreign commitments | 
which give the project a 1-A priority. 
F-84F is slated for MDAP in Europe 
and Far East Air Forces in Tokyo. 

► Thunderstreak History— Security cov- 
ers much of the exact data revealed by 
the program but testing of the new 
Republic Thunderstreak fighter can be 
outlined in genera! terms. 

When flight test engineering learned 
the date of delivery of F-84F produc- 
tion models to the Air Force for Phase 
VI testing, a comprehensive test pro- 
gram already had been outlined, listing 
the specific number of hours intended 
for gunnery, formation flying, night 
flying, inflight refueling and other 
missions. Capt. Orville Scroggins wa.s 
project engineer and Maj. Ray Popsoii. 
project pilot. 

Flight test operations and other 
facilities were alerted and scheduled the 
project into their workload. The neces- 
sity of close scheduling becomes clear 
when one realizes that the 23 project 
engineers in the flight test engineering 
lab have a backlog of more than 80 
projects. 

Ordinarily six aircraft are sufficient 
for the Phase VI tests, but. as several 
major problems dcs elopcd, it was appar- 
ent additional aircraft would be neces- 
sary, says Col. Ridley. 
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SKILLED HANDS 

Yours for the Asking . . . These are special hands . . . skilled 
hands . . . hands trained to translate creative engineering and design 
into production reality. These hands produce compact, high pre- 
cision gyros, synchros, and servo motors providing the sensory 
information, the computing brain and the muscle for the automatic 
controls of modern industry and aviation. 

These helping hands are ready, willing and able to assist by the 
development and manufacture of the advanced precision compo- 
nents you require for today’s problems and tomorrow’s progress. 

Lft us Help. Inquiries for information on standard or special 
units, for a particular application are cordially invited. Technical 
Bulletins are available and will be 
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combustion efficiency . - . 

10 locate electrodes in just the right place for positive ignition 

... to develop new tricks (like sweat cooling) for elimination of 

hot spots . , , to produce controlled turbulence ... to cut down resonance . . . 

in short, to get flame to conform to plan is a basic objective 

we reach through use of the large fund of flame facts we've built 

over the years. If you face any of these combustion problems, your Janitrol 

representative can quickly show how our facilities may fit into your program. 


U4 




Speaking <?/ freezing, an ankle on a mysterious case of ic 
formation on fuel nozzles in combustion heaters — ami ho 
our engineers tracked down the cause — appears in th 
Janitrol Heating Digest, Vol. HI, No. 3. Another Jaiiiln 
publication, "Heat in Harness," gives 0 broad view of ho 
several Surface Combustion Divisions work logeihi 
combustion engineering. 

are available on request, c 


{inccring. Production Headquarter 
400 Dublin Avvim Columbus 16, Ohio 
District Engineering Offices: 

New York, 225 Broadway 
Washington. D. C„ 4650 East-West JEUgkway 
Kansas City, 2201 Grand Avenue 
Ft. Worth, 2509 H'ejf Berry Street 
Hollywood. California, 7046 Hollywood Boulv 
Columbus, Ohio, 400 Dublin Avenue 
Offices: 

2375 Dorr Street, Toledo 1, Ohio 


AlRCRAfT-AUIOHOTIVE DIVISION, SURFACE COMBUSTION CORPORATION • 


engineering 
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TOLEDO 1, OHIO 
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• ELECTRONIC DEVICES 

• ARMAMENT 

• MACHINERY 

Just a few of tlic items we have designed and arc currently 
producing :Erco Automatic I’unching and Riveting Machines; 
Shrinking and Stretching Machines for Sheet metal work: 
(iuu Turrets, Combination Rocket Ijiuiicliers and Bomb 
Racks; all-electronic pilot training units that simulate in- 
strument flight conditions in various airplanes, including 
the Air Force’s famed F-86D Sabre Jet. 


Erco offers both Government and private industry the 
services of a highly versatile 500-man Engineering Depart- 
ment . . . plus complete manufacturing facilities occupying 
200,000 square feet of floor space under one roof. 


A special group of engineers and technicians is 
provided for servicing and maintenance of Eaco 
equipment and installations in the field. 



Lf. Col. Frank K. (Pete) Everest 
Dircctoi of Flight Test 


Tlie flight test center requested an 
additional six. 

The project engineer estimated tlic 
number of hours needed on each air- 
craft but this figure was kept flexible 
as “bugs” developed. Usual average is 
about 150 hr. per aircraft. 

► Speed-up— when trouble developed, 
a hurried decision was made to place 
the F-84F project on a ‘7-day week, 
around-the-cloclt" basis. Outside per- 
sonnel were called in to assist witlr 
flight and maintenance duties, 

Normally, during Phase VI testing, 
such organizations as TAG, SAC, 
ATRC and ADC are invited to send 
pilots and maintenance personnel to 
participate, thus building a nucleus of 
experienced personnel in eacli com- 
mand familiar with the new aircraft. 

► Stretching the Shoestring— "In this 
case, however,” says Col. Ridley, “we 
had to ask for definite numbers. We’re 
operating on a shoestring, anyway, and 
when we go over the usual number of 
aircraft for a program, it’s impossible 
to operate without outside help.” 

Any outside pilots who were flying 
in the test program the weekend four 
F-84Fs made emergency landings on 
the lakcbed will cany back to their 
home commands a gfowing report of 
the value of Rogers Dry Lake to the 
flight test center. 

Unable to stockpile engines because 
Wright was just getting into produc- 
tion with the J65, the flight test center 
called in Slick and Flying Tigers to 
supplement its own cargo aircraft in 
flying spare engines from the East. 

Although security cloaks exact de- 
tails, the shattered parts of an exploded 
engine crated for shipment back to 
Wright told their own tale of trouble. 
Inspections were set at 15 hr., then 
mounted to 25 hr. as fixes began. 

► F-84F Fixes- Meanwhile, test pilots 
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Of NICNEl a«0 COrKR CONDUCTORS, 
S^^gjB^KflRE RCSITTANCE OF ASIBTOS, 

AND HIGH TEMPERATURE RESISTANCE OF GLASS FIBERS, 

i yBM BBmnHtt resistanct and bonding properties of silicone, 

Mii^ir sTItENGTH AND SOLVENT RESISTANCE OF HFION * 

. . Hw atrcrafl IndiKtry on slactrical 

V cable that wiH witlistaRd continued ambient 

V temperotwrea aver 600 F and sHfl maintain - ■ ■ 

SUPERIOR ... WET OKtECFlIIC STRENGTH 

|uP«Sr ; ; tlfl^ulcfTO^SOlVENTS, OIL. FUEL, HYDRAULIC FLUID, 

SMT WATER 

MIVITY W MAINTAIN CIRCUIT INTEGRITY IN AN EMERGENCY 

OF FIRE FOR SUFHCIENT LENGTH OF TIME TO COMF.'cTE 
CORRECTIVE PROCEDURES. 


ware for eomplete data 
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re uncovering problems in the air- 
ft itself. These, listed by Col. Rid- 
, can be revealed: 

liracks in the duct proved a need for 
yyigj rtlaycd to Re- 


required. 




^ “ changes 

were needed. 

• Landing gear handle required rede- 
signing because the detent was not 
large enough and pilots were pushing 
the handle past the down position to 

i-iiitigtiity down." 

The system of Unsatisfactory Reports 
(URs) was bypassed on Sxes because 
of the time element. Daily, weekly and 
monthly progress reports were submit- 
ted and followed later by URs. Progress 
reports were supplemented by almost 
daily telephone conversations. Thus, 
Phase VI testing moved ahead on a 
new USAF fighter. 

Edwards' Tenants 

The high-pitched whine of tire Sap- 
phires dominated the Edwards flight 
line during the F-84F test program. 
But tire sounds of a wide assortment 
of other aircraft were reminders of the 
many "tenants" with whom the Ait 
Force shares its desert test base. 

► NACA’s Stable— One of these is the 
National Advisory Committee for Aero- 
nautics, which houses its strange stable 
of white research craft at Edwarls and 
is building a multi-million-dolUr facility 
linked to Edwards’ master plan. 

Building aerodynamic knowledge 
witli their highspeed research aircraft 
as tools is die task of NACA’s 220 
employes, under the direction of Wal- 
ter C. Williams. Projects include the 
following: 

• XF-92A. which is producing a back- 
ground of delta-wing knowledge for 
such aircraft as the Convair F-102. 

• D-558-II, an improved aircraft since 
Bridgemau returned to report wild 
highspeed oscillations. The Skyroc^t 
is Bving a full schedule to study these 
oscillations further. Although no modi- 
fication of the D-558-II was designed 
specifically to make it eo fester, those 
familiar with the aircraft say it now is 
capable of breaking its own speed 
record of 1,2J8 mph. 

• X-S, Bell's adjustable-wing aircraft for 
testing variable sweep, is being used to 
study problems of extreme sweep in 
the area where drag diminishes but 

stability and d 

NACA I 

with n 

• B-47 research flights are studying aei 
lasticity problems. 

• X-1, currently off flight status, is b 
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First in Avialioii 



Giving Panthers 
the right 
atmosphere 



ADHESIVES'COATINGS-SEALERS 

for the AvioHon Industry 


Jet engines on Grumman’s "Panthers” can breathe just fine at 
40,000 feet. But Panther pilots can’t. That’s why they carry their 
own atmosphere with them for high altitude flight — 
in pres.sure-sealed cabin and cockpit enclosures. 

As you might well imagine, it’s no easy job to form and hold an 
air-tight seal on all the cracks and crevices of a pilot’s compartment. 
Just finding a sealer that would remain flexible and adhesive 
at 60° below zero was no easy job in itself. 

However, SM helped Grumman solve this problem with EC-750— 
a water- and oil-resistant sealer with all the needed 
qualities to give Panthers the right atmosphere! 

See what adhesives can do for you . . . 

Owing to its remarkable properties, there’s a good possibility that 
EC-750 can "fill the gap” on your sealing jobs. For more specific 
information, call in your 3M sales engineer. Or, if you would 
like to have a FREE copy of our Aircraft Booklet, write to 3M, 
Dept. 118, 411 Piquette Ave., Detroit 2, Michigan. 
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ing reworked to a low-pressure fuel 

Reseatcli programs employing tlie 
D-558-I and the tailless X-4 have been 
completed. Two new research aircraft, 
the X-2 and X-3, have not yet been 
delivered to the research center. NACA 
personnel have been assisting in Doug- 
las flight testing of the X-i, howeser, 
and the aircraft will be turned over to 
NACA in December, according to 
Douglas sources, 

► Cramped Quarters— The 18 contrac- 
tors at Edwards (total personnel; 1,309) 
ate jammed into crowded facilities that 
make their desert svorking conditions 
difficult. Several have taken over facili- 
ties at North Base, the original Muroe 
test site some 7 mi. from the main base. 

In spite of Air Force and industry 
efforts to extend the life of World War 
II temporary buildings and hangars at 
North Base, it is mote reminiscent of 
a forward fighter strip in Korea than a 
stateside installation. Tlie 6.500-ft, 
runway is set counter to prevailing 
winds and the only taxiway joins it at 
the center. 

► Contractors’ Operations— A look at 
North American, Northrop and Doug- 
las operations gives some idea of the 
place of the contractor at Edward.s. 

• North American Aviation uses North 
Base as the center of its flight test 
operations but also runs tests from the 
main base and from its home plant at 
Los Angeles International Airport, 
Northrop, on the other hand, does all 
its experimental flight testing at Ed- 

According to J. F. O’Brien, engineer 
in charge, NAA’s 250 technicians cur- 
rently are engaged in such projects at 
Edwards as supersonic testing of the 
F-lOO prototype, evaluation of the 
F-86D fire control system, external 
stores testing of the F-86F fighter- 
bomber configuration and contract test- 
ing of the new F-86H. Other NAA 
proiects at Edwards arc classified. 

• Northrop’s 188 emploves, operating 
out of North Base under the direction 
of R. W. Rolfe. are at work on such 
proiects as flight testing the modified 
F-89D and components of the F-89C. 

• Douglas Aircraft joined the group of 
contractors at Edwards six years ago as 
the result of a Navy proiect-the 
D-558-I. When Douglas and the Navy 
asked permission to use the lake for a 
testing of the Skystieak, the Air Force 
assigned the company to a then-emptv 
hangar at North Base. 

Since only tankage available for 
liquid oxygen was on the main base, 
it became necessary for Douglas to 
move to a hangar there when testing 
of the rocket propelled D-558-n began. 

"It was a bare hangar, no water, no 
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These efficient, compact, rugged 
and economical Electric Self- 
Propelled Engine Generators contribute 
to the efficiency of busy airports. 

Inet has the reputation . . . gained 
through experience ... for the reliability 
of its ground power equipment . . . 
engineered to meet or surpass the highest 
standards of the aircraft industry. 

Units embody the famous Dupy* Load 
Sensitive Governor which saves up to 30% of 
fuel required by fixed-speed equipment. All 
electrical components are the best obtainable. 
Generator RATtNOs: 22.5 to 60 kw; 750 to 2000 
AMPS', 28.5 VDC. Trailer types are also available. 

Write for literature. 


UND POWER 

AIRCRAFT 


(NET AIRCRAFT GROUND POWER EEPfCIENCY MEANS AIRPORT ECONOMY 



STREET. lOS ANGELES 3. CALIFORNIA 


toilets, no offices, no anything,” says 
A1 Carder, chief of the Douglas unit. 
ITie Navy put up the money to build 
offices. Douglas borrowed four sionen 
from the Air Force and stripped a com- 
pressed air system from t&e MQ[ave 
Navy base for installation in the hangar. 
Edwards supplied utilities. Operations 
tlien began on projects which have 
been largely Navy, 

Only Douglas USAF project now 
underway is the X-3 testing. But the 
Air Force receives a weekly report on 
Navy work in progress at Edwards. 
Carder sums up the position of all 
contractors on aiis ARDC base when 
he says: “We are tenants but it's a 
peculiar situation because the landlord 
is the customer." 

Master Plan 

The Edwards master plan already is 
well under way. Its aim: to convert the 
present wartime hodge-podge of train- 
ing and test facilities into a modem 
flight test center for the nation's military 

.As early as 1924 such firms as North- 
rop and Lockheed were using the area 
(then Muroc Dry Cake) for testing. Sir 
ilubert Wilkins flight tested his Lock- 
heed Vega at Muroc in 1924 prior to 
his polar flight. Jack Northrop tested 
liis first flying wing in the area before 
1930. Present military use of the dry 
lake began in 1943 when North Base 
was constructed as a secret test site for 
tlie first U. S. jet fighter— Bell's P-59A, 
After World War II, the test center 
expanded to its present location, a war- 
time training base. 

While the master plan was drawn up 
in 1947, itsvas not until 1951 that the 
base was designated a full-fledged flight 
test center. Prior to that time, AMC 
detachments traveled to Muroc on spe- 
cific flight test projects and then re- 
turned to Dayton. 

► Modernization Needed — Need for 
modernization of tire base is obvious. 
Hangars are jammed with aircraft, forc- 
ing mechanics to do mucli of their ma- 
jor maintenance work under a hot des- 
ert sun which pushed temperatures as 
high as 112, when tools become too hot 
to pick up and aircraft surfaces blister 
the hand if touched. 

Ancient wooden buildings have been 
painted many times to ward off the 
desert climate. 

TTie runway, designed for 35,000-lb. 
loads, frequently is called upon to take 
loads almost 10 times that witli modem 
bombers. 

It costs S1.5-million a month to op- 
erate the base in its present condition. 
Gen. Holtoner and his staff believe 
maintenance savings alone would amor- 


142 


AVIATION WEEK. August 17, 1«3 



■ EDWARDS 



Hew Myslik Thinflex 
Masking Tape 
NawMystik Plexsiron 
Filament Tape 


Mystik Spi 
Mystik Sa 
Mys' 
Drl-PIpe li 
p Mys' 


TO SAVE YOU MONEY! 

The most expensive tools in your plant are 
hands. Daily they perform thousands of 
operations. But how many of those operations 
can be performed with Mystik Brand Tapes? 
A roll of "self-stik" Mystik Brand Tape is 
really a roll of hands . . . countless fingers 
that grasp, grip, hold . . . performing coimtieas 
holding jobs in every phase of operation — 
storage, fabricating, assembling, shipping. 
Mystik is the world’s largest maker of 
"self-slik” cloth, waterproof tapes . . . 
available in fourteen colors . . . makes a full 
line of cloth and masking tapes and adhesive 
products to help you cut operational costs. 
Write for information and samples. 


MYSTIK AOHSSIVS FROBOCTS, J6S3 NORTH KILDARS AVtMUS, CHICAOO 39- 


tire tlic cost of a completely nesv base 
Q\’cr a few years. 

Some S4U million has been appro- 
pnated for new construction under the 
six-phase master plan. Less than $3 mil- 
lion of this remains unspent, according 
to Lt. Col. Malcolm P. Elvin, chief of 
the base development division. 

► New Runway— Construction has start- 
ed on a new 15,000-ft. runway which 
will be 200 ft. wide and capable of sup- 
porting 500,000-lb. loads. This will be 
extended by a 22-mi. freeway, bulldozed 
through tlie desert to Rosamond Dry 
Lake, thus giving a clear area for straight- 
ahead emergency landings of 22 mi- 

For additional safety, there will be 
a one-mile clearance on each side of the 
broad runwav. Col. Elvin questions 
whether even tliis is sufficient for ex- 
perimental flight testing. 

At a takeoff speed of 180 mpli., Elvin 
points out, a pilot who swer^’es off the 
runway has only 20 sec. to get his air- 
craft under control before he hits the 
buildings. 

► Other Coiistruction-W’ork also is 
underway on new roads, barracks, an 
instrumentation and calibration shop, 
the technical engineering and adminis- 
tration building, engine repair building 
and a new hospital. Defense Depart- 
ment has released funds for a radar and 
telemetering building. 

A remote storage area for unconven- 
tiunal fuels will handle the fuels and 
o.xidizers necessary for rocket engines, 
such as nitric acid, hydrogen pero.xide, 
liquid oxvgcn, alcohol and aniline. Un- 
dergrounii pipelines will deliver these 
to the flight line and the 20-mi.-distant 
rocket engine test facility. 

Other facilities planned for tlic new 
flight test center include a hangar and 
shop combination equipped to do ma- 
jor maintenance and modification, three 
large hangars (with room for a fourth) 
and a data reduction building. NACA 
plans two hangars in addition to shop 
and office space. 

Target date for completion of tliis 
national flight test center? Two years 
ago. according to Col. Elvin. 

"I'lic master plan, designed to permit 
rapid expansion of base facilities in the 
future, is planned for a personnel 
strengtli of over 28,000 on a 300,000- 

Some 6,000 personnel now arc as- 
signed to Edwards, and total popula- 
tion. including dependents, approxi- 
mates 10,000- There are 1,150 family- 

S pe houses on the base in addition to 
e 500 other buildings, which include 
two large hangars and a number of 
smaller ones. Lake landing area is sup- 
plemented by a concrete runway and 
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1‘EST PILOTS study stafailitv and conhol problems in Edwards cla.ssroom. 
Edicurds’ Exacting School . . . 


Where USAF Trains Test Pilots 


It takes only a glance at the recording 
instruments packed into the long needle 
nose of tlic X-3 or a look at tlic manv 
technicians sivarming over the glistening 
white craft as it squats in the hot sun 
on the Edwards AF'B ramp to know that 
the job of a test pilot is not as simple 

Test flying today’s complex airemft 
demands pilots not only of unusual 
flying ability but with a strong engi- 
neering bactcgiound. 

That is the task of tlic Air Force’s 
Experimental Flight Test Pilot School 
here: to turn out test pilots who are a 
match for the aircraft they fly, who are 
adept at engineering evaluation as well 
as flight test techniques. 

It is one of five such schools in the 
world. The others arc the U.S. Navv 
school .it Patuxent, Md., and test pilot 
schools in England. France and Russia. 
The school here has the sole responsi- 
bility of supplying the U.S. Air Force 
with qualified test pilots. 

► Student Bridgeman— Tliere is one 
familiar name on .i locker in the pilot's 
room of the school; Bridgeman. Bill 
Bridgeman, top Douglas test pilot who 
flew the D-558-1I Skyrocket higher and 
faster than man has ever flown before, 
who currently is testing the supersonic 
X-3. is a student in the school. 

Bridgeman, with no formal educa- 
tion in flight testing, is brushing up on 
his engineering background- 11c finds 
llic school program valuable. 


“It’s one helluva bit of work," he 
admits. "It’s pretty tough for us old 
men to go back to calculus.” 

Calculus is but one tough course in 
a ru^cd six-month program of flying 
.ind ground school, divided into per- 
formance and stability phases. Going 
through the school is no part-time task. 
Btidgeman. who has finished one phase, 
is being held over a class because of the 
time he must devote to the X-3 project- 
► AF in Majority— .^s a civilian, the 
Douglas test pilot is an exception in the 
school. While one contractor pilot and 
.It least one RCAF pilot are accepted 
in each class, the majority of the stu- 
dents is composed of well-qualified .^ir 
Force pilots. 

Entrance requirements for the 
school, which was moved to Edwards 
from Wright-Patterson AFB in 1951, 
are stiff. \t least one combat tour, 
cither in World War II or Korea, is a 
must for AF candidates. Tlicv must 
have at least 1.500 hours of diversified 
flying time, be between 23 and 33 years 
of age, and have a knowledge of col- 
lege algebra, trigonometry, solid geom- 
etry, differential calculus, acrodvnamics, 
and allied subjects. 

School officials give preference to 
men with engineering degrees. If the 
candidate is a reserve pilot, he must 
agree to remain on active duty for three 
years after completion of the course. 
Qualifications arc evaluated on a point 
si stem and a high-ranking board selects 
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the 15 pilots permitted to enter the 
school each tlirec months- 

► Who May Apply-Prior to fan. 1, 
onlv those pilots assigned to ARDC’s 
Air h'oree Flight Test Center at 
Edwards were eligible for the test pilot 
school. Now, qualified pilots in any 
USAF command can apply. Top grad- 
uates ate assigned to flight testing at 
Edwards. The remainder arc sent to 
other ARDC bases. 

Graduates, awarded the Air Force 
specialty rating of Experimental Flight 
Test OScet (AFSC 8741), are Qualified 
to perform both Phase II and Pnase IV 
flignt testing for the Air Force, 

Some idea of the academic level of 
the courses can be gained from the fact 
that four of the five officer instructors 
presently assigned to the school (auth- 
orized strength: seven) hold master’s 
degrees. Tliis includes the command- 
ant. Lt. Col. John R. Amann. A cal- 
culating machine on the desk of each 
student offers another measure of the 
difficulh- of the courses- 

► Sur Months = Two Years— Since 
textbooks on how to be a test pilot are 
rare, the instructors in some instances 
have written their own. One of these 
is by Maj. James H. Polve, chief of the 
performance section, 

“In six months a student here gets 
the equivalent of what a college engi- 
neering student gets in his last two 
years,” Maj. Polve says. 

Fundamentals of flight test evalua- 
tion are taught in the first three-month 
phase of the school, the performance 
course. Here the student pilot gets an 
intensive refresher in algebra, trigonom- 
etry, calculus, physics and applied me- 
chanics. He sweats through ground 
courses in theoretical subsonic and 
supersonic aerodynamics. He receives 
instruchon in flight techniques, theory 
of aircraft performance, flight test data 
reduction methods, and the writing of 
project reports. 

► Practical Work— He flics timed speed 
tuns, speed-power tests, sawtooth 
climbs, and other flight tests. During 
tlic performance phase, he clialks up 
some 30 hr. living time. 

In the stability and control course, 
tlic students learn the minimiim-ac- 
cqrtablc flying qualifies of aircraft con- 
sistent with safety and acceptable con- 
trol. More ground school is on the 
agenda plus 35-40 hr. flight time. 

The school's “air force” of gaudy red 
and yellow aircraft includes six B-25s 
(for the stability course) and five T-28s, 
two T-33s, two F-80s and two F-84Es 
(for the performance course). Tlic 
school, with a total personnel strength 
of 10 officers, 26 airmen and 42 civil- 
ians, does its own maintenance and 
instrumentation. 

► Iiistnimcntation— Tile aircraft in the 
school’s hangar are carefully instru- 
mented with such devices as vaw met- 
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Here’s L-M’s New High Intensity 
Controllable Beam Runway Light 


New THERMAL BEAM high intensity runway light has 200,000 beam candle- 
power. Provides single current control for both brightness and beam 
direction. Elimination of extra circuits and auxiliaries simplifies operation 
and reduces installation and maintenance costs. 



Many years of development and testing 
by L-M’s lighting engineering staffhave 
resulted in a new and greatly improved 
high intensity runway light meeting CAA 
speciflcalion L-8I8. 

The new unit, known as the L-M 
THERMAL BEAM, is ingeniously sim- 
pie. Its design is based on the principle 
that weather requiring maximum bright- 
ness also requires maximum “coning-in” 
of the beams. 

Single Control for 
Beam and Brightness 
In the THERMAL BEAM, both are 
controlled by a single current variation. 
This provides simplified automatic con- 
trol of b^m direction by the tower. 


Current variations operate directly 
upon the lamp filament. They also act 
upon a coiled bi-metal strip which is 
geared to move the lamp back and forth. 

When the current is raised, brightness 
increases, and the bi-metal strip moves 
the lamp parallel with the lens and re- 
flector, so that the beam moves inward. 
Thus pairs of beams from units at oppo- 
site sides of the runway meet at a point 
much closer than in clear weather, when 
lamp intensity is reduced and beams are 
“coned" oul to meet at a farther point. 

Temperature- Compensated 
A second bi-metal spiral compensates 
for outside temperatures, so that the 
beam direction remains constant at any 
given brightness, regardless of warm or 
cold weather. 

Optical Assembly 
The optical elements are specially de- 
signed to produce a balanced photo- 
metric distribution, meeting all practical 
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Airport Lighting 
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operating requirements for landing of 
aircraft under varying weathereonditions. 

Reduces Installation Costs 
THERMAL BEAM gives lower mate- 
rial and installation costs through the 
elimination of beam control circuits and 
auxiliary control equipment. By making 
use of the current variations employed 
in regulating lamp brightness, ail auxil- 
iary field wiring is eliminated, giving im- 

Write for Bulletin 

This bulletin gives more Information, details 
on insis nation methods, specifications of the 
units. If you wish, wc'II have an L-M Field 
Engineer callon you. Write to Mr. Madigan 



LINE MATERIAL CO. AW-83 
MILWAUKEE 1, WISCONSIN 


□ Please send me, without obligation, 
THERMAL BEAM Bulletin. 

□ Please have a Field Engineer call. 


Company or Airport 

City . I I——.— Siait- 
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TEST PILOT teports on F-86D fl^ht. 


ets, sideslip indicators and force instiu- 
meots. Ballast water tan);s in the B- 
2Ss permit shifting of aircraft CG from 
as much as 18% forward to 33% rear. 
Movie cameras monitor duplicate in- 
strument panels to supplement data 
recorded by the pilot. Projects are 
similar to those the student will en- 
counter when he graduates into regular 
test flying. 

Flying begins at dawn to take ad- 
vantage of morning hours when the 
desert air is calm; the afternoon is de- 
voted to four hours of ground school. 
A two-hour examination each week 
helps the instructors keep track of 
students’ progress. 

► Quality, Not Quantity— Like most 
Air Force schools, there is a procedure 
for "washing out” those who are de- 
ficient in academic or flying ability. 

"Although 15 students every three 
months just barely take care of normal 
test pilot attrition due to transfers and 
other reasons, we are interested in 
quality, not quantity,” Maj. Polve as- 

An Air Force document defines the 
purpose of the test pilot school this 

"Only a sound understanding of 
basic principles and an insight into the 
advanced problems of aircraft design 
and operation will permit the test pilot 
of today to gather and interpret precise 
data, and to analyze the new experi- 
ences he will undergo and express 
these experiences with clarity to test 
engineering personnel. The skilled 
test pilot, only, can conectly evaluate 
aircraft for use in highspeed w^are.” 

"If you are looking for a more dra- 
matic way to express what we do here,” 
adds Maj. Polve, "you might put it 
like this; The world depends on the 
U.S, Air Force and the Air Force 
depends on its planes. The quality of 
those planes depends on the test pilots 
who e'^aluate them, We supply the 
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Revolution in Accuracy 


Rescue work . . . submarine hunt . . . aerial photography 
... the Hiller helicopter is a versatile performer. It can 
hover in one place, move up and down, forward and 
backward. That's why the Hiller demands bearings 
that carry all loads, that stay rigidly accurate, even 
under sudden shifts in blade speeds. New Departure 
meets that demand with bearings for Hiller applica- 


tions shown below. Besides such heavy duty applica- 
tions, New Departure makes a wide range of minute 
bearings for sensitive aircraft instruments. Every New 
Departure bearing— from midget to giant— is backed 
by the industry's most complete research and engi- 
neering facilities— all of which stand ready to serve 
the manufacturers’ design and engineering staffs. 
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ETF CON'mOL is haiiilled by tsst) op«al 



HEADER TRENCH houses a myriad of pipes and valves for GDF. REERIGKRA'l'ORS cool the aii heated by coiupcessors of ETF. 


AEDC Will Speed Air Development 

These giant facilities that no contractor could afford to build 
himself will ease the ‘growing pains’ of new designs. 


By David A. Amlerton 

Tullahoma, Tenn.— Tlic combat air- 
planes and engines of 1960, now taking 
shape in nebulous outline on drawing 
boards, will be eased through youthful 
growing pains at the Arnold Engineer- 
ing Development Center. 

In three tost installations now a-build- 
ing, future airframes and powerplants 
will undergo their first full-scale simula- 
tion of flight at extreme altitudes and 
speeds, 

From precise measurements of pres- 
sure and temperature, from the reeorded 
readings of gages and manometers, de- 
signers will learn what they want and 
need to know without resorting to 
lengthy, expensive-and possibly unsatis- 


factory-flight tests of the cq^uipment. 
►Tremendous Capabilities— 1 he three 
major units of AEDC-cnginc test, gas 
dynamics and propulsion windtunnel- 
will encompass a staggering range of 
capabilities in speed and altitude which 
are built around the theme of contractor 

"The philosophy of .AEDC is that it 
should be a development center for in- 
dustry. It’s something that no company 
could afford to build by itself.” said 
Col. F. II. Richardson, AEDC Chief 
of Staff. 

"The contractor who comes here to 
test can either operate the test unit or 
monitor the tests. He'll have maximum 
freedom to do as he pleases. His pro- 
prietary rights will be protected. We’ll 


schedule the tests and provide support. 
And under present plans, all this won’t 
cost him anything,” Colonel Richard- 
son added. 

"We’re just beginning to undertake onr 
first development test project,” said 
Richardson. “And we’re blowing some 
air through a small supersonic tunnel 
for calibration purposes. We should be 
running some of the engine test cells 
this Slimmer, and begin program tests in 
the fall.” 

► Testing I'rio— Of the three gigantic 
test facilities at AEDC, the Engine Test 
I'acility (ETF) is nearest completion. 
Col. Richardson estimated that its de- 
sign was 98% completed, and that con- 
straction was 95% along. 

Construction of the Gas Dynamic 
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Facility (GDI'') is about 40% finislicd, 
and of the Propulsion Windtunncl 
(PW'i'), only about 23%. 

There is a Ramjet Addition (RJ.A) to 
the E'l’h'— currently considered as an 
extension of the engine facility— that 
will exceed it in capacity and stand in 
its own riglil as a major facility. Con- 
struction on this addition has only be- 
gun, and most of the work is still in 
design. 

► Test Cell Details— The detailed capa- 
bility of each test cell is classified in- 
formation. Sixe and performance of 
each unit have been detailed in the 
accompanying box, as far as permissible. 
But it should be remembered that test 
section size and mode! size, althoush 
related, arc not one and the same. 'iTie 
giant PWT, with its 16-ft- test section, 
will be able to test models of airframes 
cr full-size engines up to a diameter of 
only about 4 ft. 

Generally each facilitv has been de- 
signed to meet the test requirements of 
the largest forcsee.ibie unit to be tested. 
.Again, using the PWT as an example, 
its test section h.is four times the area 
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thought adequate several years ago. Tlie 
Ramjet Addition will be able to blast ait 
tlirougli a single test cell in amounts far 
above current and near future ramjet 
ait flows. 

Engine Tesf Facility 

Xearest to completion at AEDC, the 
Engine Test Facility had a headstart in 
Germany during the war. It was 
pliinncd as a central test unit by the 
German government, and located at the 
Munich plant of the Bayetische 
Motoren Werke (BMW). Completed 
in 1943, the test facility had an ait 
capacitv of 53 lb. per second, a single 
test chamber and a simulated altitude 
range reaching 45,000 ft- 

Te.sting soon brought out the limita- 
tions of the BMW plant, and so a larger 
version was planned, hlost of the ma- 
chinery vi’as completed for the newer 
plant, but never installed. 

► Postwar Import— , At the end of the 
war, German engineers operated the 
plant for British and American tests, in- 
cluding tlic first high-altitude test runs 
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ol British jet engines. '1 hen dismantling 
began and the original plant together 
with the machinery fur the new test 
facility, was shipped to this country 
as reparations. 

Lt. Col. E'. W. Williams, .Ah' project 
officer for ETF, told .Av:ation Week 
that the German plant was worth he- 
tween S3 million and 510 inillion 
against the cost of AEDC, depending 
on wlictlicr the value was figured in tlie 
dollar equivalent of German marks, or 
in tlic replacement value of the equip- 
ment in the United States. 

"All the compressors and all but one 
motor in E'lT' arc German,” Williams 
said. "AVc surveyed all the switchgear 
and used the good parts on the air side, 
but liad to buy switcligear for tlic ex- 
haust side, 'llie test tells are similar to 
the original BMW cells, but arc not the 

► Iliglicr Rating— Redesign of the origi- 
nal Cctnian lavout, plus more equip- 
ment built in tlic United States, have 
laiscd the rating of ETF from 53 !b- 
per see. to about 300 lb. per see. -Alti- 
tude capability has been almost dou- 
bled from the original 45,000-ft. Ger- 
man limit. 

Describing the flow diagram will 
show the general layout of the plant. .Air 
source is a battery of four four-stage, 
5,000-hp. centrifugal compressors which 
feeds through a heat exchanger to a 
cooler-drier. 

Three stages of cooling— the first 
using lake water, the second, cliillcd 
water, and the third, ethylene glycol- 
are required to drop the temperature to 
— liF and remove the moisture from 
the air. 

At this stage tlic air can be cither 
cooled further by an expansion turbine, 
or heated by rerouting through tlie licat 
exchanger. Mixing valves control the 
temperature, and the air then enters 
the test cell in operation. 

► Hungry RJA— For increased tempera- 
ture, the air can be routed through the 

big licaters in the RJ.A: for increased 
flow, the air can be combined with the 
Jutput of two 1 5,000-hp. compressors 
in the RJA- 

Thc test cells of the RJ.A will be able 
to gulp the air capacity of the entire 
plant— six compressors— boosted through 
a second-stage 38.500-hp. compressor 
and heated- This flo«' will be far above 
that of the ETF. 

The downstream side of the test cells 
is connected to a batterv of six ex- 
hausters, valved so that they can be 
used in series, series-parallel or parallel 
flow. 

The RJ.A exiiaust goes through two 
30.500-hp. exhausters, then back to the 
ETF exhausters. 

► Central Control— Tlic entire plant is 
controlled from a central room and con- 
•sole which can be manned by two, or 
at the most, three operators. The test 
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crew, located in the test-cell control 
rooms some distance away, ask for the 
flow conditions they need in the tests. 
Central control then goes into action, 
sets all the valves and starts the motors. 

\Vith stabilized flow established, cen- 
tral control telephones the test-cell 
crews and tells them to go ahead with 
the tests. 

In the engine control rooms, the test 
crew mans the instrumentation and con- 
trol equipment necessary to make the 
specific run. Th^ cannot see tire en- 
gine, which is inside the enclosed steel 
tube of the test cell, so observation is 


Brig, Gen. Samuel Russ Harris, Jr,, 
commander, Arnold Engineering De- 
velopment Center . , . bom Pittsburgh, 
Pa., 1902 , . . graduated from U,S. 
Military Academy 1926 . . . learned to 
fly at Brooks and Kelly Fields . . . rated 
a pilot 1927 , . . served with 3rd Attack- 
Group in Texas . , . flying instructor 
... test pilot and engineering officer, 
Wright Field, for nine years . . . direc- 
tor of technical services AAF headquar- 
ters . . . director of air traffic and 
safety development AAF Hq. . . . 
commanded ^99th Bomb group on Sai- 
pan . . . commanded Panama Ait Depot 
. - - taught at National Wat College 
. . . acting chief of programs for 
AKDC, Washington . . . director of 
plans and programs ARDC , , . chief 
of staff, ARDC Hq., Baltimore, where 
he served unbl taking command of 
AEE>C. 


by direct TV connection with the cell. 

The TV system-not new, although 
relatively unproven in test— has been re- 
ceived at .AEDC and is untler test. 

These control rooms are relatively 
quiet, due to soundproofing and vibra- 
tion isolation through floating cmistmc- 
tion. Lined with panels of instruments 
and huge manometers, the atmosphere 
is one of neatness and efficiency, 

► Test Cells— Engine test cells can be 
lengthened to take a variety of extra 
installations such as afterburners or 
special exhaust cooling devices. TTie en- 
gine itself is mounted on a cart, com- 



plete with instrumentatiorT connections. 
Quick disconnects on the cart, and a 
huge one on the entire test cell, mini- 
mize the downtime between tests. 

The carts, handled on rails through- 
out the plant, are made up in adjoining 
areas for assembly and shop work. Re- 
movable partitions for these areas will 
be available for protection of contrac- 
tors’ proprietary rights. 

Test measurements will be processed 
in digital form through a computer that 
svill give the test crew final data within 
30 seconds after the measurements have 
been made. 

Gas Dynamics Facility 

The big feature of the GDF test 
equipment will be the combination of 
high Reynolds members with high 
Macli numbers, which means closer 
simulation-if not duplication— of full- 
scale missile flight. 

Based on a design found in Germany 
at the end of the war, the GDF is in- 
tended to be most useful in the gas 
dynamic regime where slip flow and 
ftee-moiccular Sow occur. “We want 
to go from Mach numbers above One 
just as high as possible,” said Lt. Col. 
j. A. Dodge, the project officer. 

► One Operating— T here is only a single 
funnel of the GDF operating now, while 
construction goes on all .iround it. Tliis 
tunnel, known as E-1, is a 12xl2-in. 
supersonic setup with a speed range 
between Mach 1.2 and 5.0, although 
the higher reaches ha\-e not yet been 
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obtained. T his tuimc! is an exact copy 
of the one at the Jet Propulsion Labora- 
tory, California Institute of Technology, 
Dodge stated, Internal strain-gage bal- 
ances will be used for measurement of 

Most of the compressor equipment, 
ducting and ancilkirv equipment is still 
to come, so the GDF is running on a 
makeshift basis. Right now, four porta- 
ble Diesel-driven compressors push their 
output through a tiny tube into a huge 
high-pressure storage bottle 720 ft. long 
with a 3-ft. inside diameter. This bottle 
replaces the many manifolded bottles 
usually used for high-pressure air stor- 
age. Tliere is another advantage: The 
size and length of the bottle can make 
il a super-sized shock tube for studies 


of shock wave phenomena sometime in 
the future. 

By operating tlic four portable com- 
pressors on a 2T-br. day, seven-day week, 
Dodge said, the facility will be able to 
make about 250 test runs per day at an 
average duration of 20 see, per run. 

On the discharge side of tlic tunnel 
is a vacuum sphere, 72.5 ft, diameter 
svith walls li inches thick. It can be 
sucked down to 0.1 psi. pressure, to pro- 
vide the tremendous pressure ratio 
needed across the funnel to rcacli high 
Mach numbers- 

► Primary Plant— ,'Vctualh the higli-prc.- 
sure bottle and suction sphere arc an 
auxiliary system. The main compressor 
battery is 1 2 imits-six .axial and six 
icntrifiigal-powcrcd by about 100,000 
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hp. supplied by means of electric motors. 

These compressors and motors arc to 
be housed in a single building, now 
being completed- The size of tlic build- 
ing, like everything else at this center, 
is impressive "in the flesh,” and not on 
paper. You might compare this build- 
ing to one of the main assembly build- 
ings used by CF. or Westinghouse for 
tlie assembly of giant hydro-electric 
equipment. 

► Big Trench— Between it and the steel 
framework wliieh will eventually become 
tlic test building is a great hole in tlic 
ground, lined with concrete. Tliis is the 
pressure header trench, and it will con- 
t.iin a maze of pipes, intertwined and 
twisting around a myriad of valses- 
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I irst, tlicrc was a specified difference in 
tlc-Tation between air supply lines and 
iiit exhaust, "nicii tliesc lines needed 
condensation traps, which meant dig- 
ging a pit for cacn valve. Maintenance 
was a problem, too, so all things eon- 
videred. the economical solution was to 
siiovel out a big hole and put esery- 
thing in there. 

Propulsion Windtunnel 

Back in the days when supersonic 
tunnel sizes svcrc measuring around 16 
inches, the proposals for AEDC asked 
for a supersonic tunnel with a test sec- 
tion measuring 16 feet. 

ITie power requirement for the tun- 
nel could just be met by the turbines 
of the largest Navy carriers. Cooling 
water svould course through tubes at 
.1 rate that would supply Washington, 
D. C„ with its normal dailv needs. 

llic electric motors which were 
planned to power the tunnel were sim- 
ply to be the world's largest rotating 

In all, a collection of superlatives. 

► In the Offing— Least complete of the 
three AEDC facilities, the Propulsion 
^V^indtunnel is still the most impres- 
sive. In mid-July, the main structural 
steel tube for the cooling section of 
the transonic circuit was standing com- 
pleted. It is 55 ft. in diameter, which 
means that vou could move an average 
home right through it. 


The transonic circuit is one of two 
for the tunnel; both will share a com- 
mon control and power supply. Cur- 
rently about 35% complete, the 
transonic circuit is expected to make its 
6rst runs late in 1955, 

Component work on the supersonic 
circuit is going ahead, but there are 
no funds available to construct the final 
circuit itself. AEDC is thus reluctant 
to put any completion or first-test date 
on this portion. 

The problems of this big tunnel are 
being studied in a scale model known 
as "Pee-Wee." This model work has 
alieady prrnen out the second throat 
for the full-size tunnel. 

► Kinds of Tests— This facility is not a 
windtunnel in the aerodynamic sense, 
but rather a propubion windtunnel. 
Tlie idea b that full-scale ponerplants— 
turbojets and ramjets, mostly— will be 
tested as installed in their airframes. 
The test section will be able to handle 
a configuration of about 4-ft. diameter 
and 30 ft. long. 

Tire entire test section will be re- 
movable from the tunnel to reduce 
downtime to a minimum. Test articles 
can be instrumented, and test sections 
modified without disrupting the opera- 
tion of the tunnel. 

Each tunnel is to feature an adjust- 
able flexible nozzle, similar to the type 
des’eloped for use in Tunnel E-1 of the 
GDF. The tunnels will also be 
equipped with a scavenging ss'stem to 


remove engine exhaust gases and a 
makeup system which will replace the 
lost gases with fresh air. 

► Nfotors, Drives— llie rotating ma- 
ciiinery for the two circuits is being 
built by 3Vestinehouse Electric Corp. 
riierc are four electric motors; two are 
rated at 83,000 bp. each, and two at 
25,000 hp. each. Coupled to the tan- 
dem motor drive will be five com- 
pressors-a single unit for air to the 
transonic circuit, and four to blast air 
through the supersonic cycle. 

The larger motors have been in- 
stalled at -AEDC; tire rest of the ma- 
chinery is nearing completion at West- 
inghouse’s plant in East Pittsburgh. 

Size of the compressors is impressive. 
Tire shaft is 18 ft. in diameter, and 
blades are six feet long by about two 
feet in chord. Weiglrt is about 1,300 lb. 
per blade. 

Wcstinghon.se built a quarter-scale 
model of a compressor for viljration tests 
during the devciopraent of the ma- 
chinery. The firm expects to complete 
work on the compressors in about a 


Industry Participation 

The center and the Unitary Wind- 
tunnel Plan were originally justified as 
being necc.ssary for dci’clopmcnt use by- 
industry. So it was a logical step to 
give industry a chance to advise on the 

oheies, operation and design of the 

This was done br- the creation of tlic 
Industry and Educational Advison- 
Board (TEAB), set up by directive from 
Gen. Vandenberg, then chief of Staff. 
USAF, in September 1950. The words 
of the regulation do not go much be- 
yond establishing the Board and defin- 
ing the channels it can use. Organiza- 
tion, meeting times, places and agendas 
ate left completely to the membership. 

Actually the Board reports to three 
staff Ics'cls: 

• To .the .Commanding .General, 
AEDC, on policy matters of design, 
construction, opnation, requirements 
and plans of the AEDC. 

• To the Commanding General, 
ARDC, on relationship of AEDC to 
other facilities, on advance research 
trends relating to tost and evaluation 
facilities, and on progress made and 
problems in policy encountered during 
the design, construction and operation 
of AEDC. 

• To the Chief of Staff, USAF, at least 
annually on over-all policies of design, 
construction and operation of the 
AEDC. 

Executive secretary of the Board is 
Robert W. Kamm, formerlv with the 
Research and Development Bo.ard, and 
before that with Glenn L. Martin Co. 
and the NACA. 

► Board Membership-The Chief of 
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Gas Dynamics Facility (GDF) 


Propulsion Wintltunne! (PWT) 


Engine Test Facility (ETF) 
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IMPARTS POSITIVE CONTROL 
AT 0 MPH OR MACH PLUS! 

STRKTaPaiUttt 

H Y a R a U L/C PUMPS 



From dropping and rettaaing landing gear, operating 
elevators and other controls on military aircraft, to steer- 
ing guided missiles or controlling autogyros, STRATO- 
POWER Pumps offer that "fingertip control” and com- 
plete dependability under all conditions which make 
them an obvious choice. 

STRATOPOWER Pumps are an outstanding expres- 
sion of advanced engineering and precision craftsman- 
ship. Here is power compaaed into minimum dimensions 
and least weight . . . constant and variable delivery types 
with modifications to provide both oil-piloted or elec- 
trical control. Either direct engine-driven or electric 
motorized units in capacities from one-quarter gallon to 
ten gallons per minute at nominal speed of 1500 rpm, 
with continuous working pressures to 3000 psi (maxi- 
mum intermittent operation at 4500 rpm and normal con- 
tinuous operation at 3750 rpm). 


The New York Air Brake Company, to- 
gether with Us associated and subsidiary 
companies, combine exceptional engineer- 
ing and production facilities which are avail- 
able for consultation, testing or development. 
Write for the answer to your problemt. 


TK£ NEW YORK AIR BRAKE COMPANY 

230 PARK AVENUE • NEW YORK 17 • N. Y. 



MILLIONS OF HOURS AHEAD 

in lightweight turbo-machinery! 


TUR6IKE ENCINSS 


REEtICEtATION TURBINES 


CABIN SUPERCHARGERS 


Today, AiResearch has a backlog of 25 million 
hours of actual operating field experience in light- 
weight turbines. These units provide auxiliary 
power, starting power, pressurization, heating and 
refrigeration for U.S. aircraft. With rpm’a ranging 
from 10,000 to 100,000, average efficiency is 83%. 

The many thousand AiResearch turbine machines 
now in operation are the result of a pioneering 


development and manufacturing program begun 
9 years ago. In its course more than 2 and ^ million 
hours were spent in engineering development, plus 
over 100,000 hours of laboratory tests. 

This experience where others are still exploring is 
typical of AiResearch leadership in the small but 
highly efficient power and control units required in 
the many fields of modem industry. 



A DIVISION OF THE GARRETT CORPORATION 


lOS ANGELES 4S, CALIFORNIA • PHOENIX, ARIZONA 

AltESfAICH—spscisInis Iti flie design end monulotiuie ef aircroft otiessories in the foilswing mejorrslegories: oil turbine relrigeiotion • cabin superchargers 
gas turbines • pneumollc power units • electrsnh (ontrsis • heat transfer equipment •electric actuators* cabin-pressure controls and air valves 
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Staff appoints tlie eight members of the 
Board. Six ate clioscn from industry’, 
repiesenting the airframes, puwcrpLmt 
and accessories field; their iiominntioiis 
ate made bv the .Mrcraft Industries 
.\ssn. Two members represent educa- 
tional institutions and are nominated 
by the chairman of the Seicntitic -Ad- 
visory Board. Nnrmallv named tor one 
year, members can serse for succeeding 
terms if necessary. 

Current cliairinan is Prof. John R. 
Markham. MIT; his fellow educators 
are Dr. C. K. Brehni, president of tlic 
University of Tcnncfssee, and a super- 
iiumerary member. Dr. Harold I'linsch. 
dean of engineering at Mississippi Slate 
Collep, 

Industry niembcrships are held bv 
T- Colwell, lliompson Products. 
Inc.; Paul J, Frizzell, Fairchild Engine 
.and Airplane Corp.; M'right A. Parkins. 
Pratt & Whitney .Aircraft Div.; Ken- 
dall Perkins, McDonnell -Aircr-aft Co,, 
.Maj. Gen. E. M. Powers (USAF Rct.l, 
Curtiss-AVright Corp.; Edward C. 
Wells, Boeing Airplane Co. 

There are two supernumerary indus- 
try members: Neil Burgess, General 
Electric Co., and L. A. flyland, Bendix 
Aviation Coro. 

►Internal Workings— The complete 
freedom given to the Board is empha- 
sized by its recommendations; everv- 
thing from broad policy to detailed 
design considerations have been for- 
warded by the Board. As of last Novem- 
ber, the list totaled 21 rccommcnda- 

Although most of the Board’s pro- 
posals have been received fat'orablv, a 
very important one— the question of 
charging fees for use of the facilitics- 
finds them at loggerheads with ARDC. 
TTie Board believes strongly that fees 
should be charged: Gen. Partridr^, for- 
merly commanding ARDC, decided that 
no fees should be charged during initial 
operation, and that is the svav the mat- 
ter stands todar'. 

In some cases, tlic Board has named 
"ad hoc" svorkine groups to attack the 
details of specific problems. These 
groups are chairmanned bv a member 
of the Board, and after exploring a prob- 
lem, they advise the Board on their 
thinking. Members of the Board ma\’ 
also call in experts. 

Because of the affiliation of the in- 
dustry members, the Board gets the 
official AIA viewpoint on the facilities, 
but does not always necessarily subscribe 
to that view. 

Establishment of a Deputy for Oper- 
ations was one of the specific recom- 
mendations of lEAB. This office, 
headed by Donald R. Eastman. Ir.. is 
tlie connecting link between AEDC 
and Sverdrup and Parcel Operating Di- 
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Completely Sealed 

for Extra Safety 


• EXPLOSION-PROOF — CsmpUteh ueM, these ciccuii brCiOiers provide 

• CORROSION, HUMIDITY, DUST RESISTANT — Witbstaad over 100 hours 
completely weatherproofs aod dustproofs breakers, 

• SHOCK-PROOF — Wiebstand up to 100 G's. 

• YIBRATION RESISTAHT — Far exceed prtseat military specificaiioQ re- 
quirements. 

• PRECISION CALIBRATION — Calibiaiedcolimitsofli;-125%oftaiiag 
as compared to AN limits of IlS-138%. Checked for uhimaie trip 
aod short time calibration. 

7rite for complete data on these aod other perforcnaoce-proved 
Klixoo Circuit Breakers, 


SPENCER THERMOSTAT 

Olvidon cf Malalt A CeiDratr CoipwsNM 
' 2S0S FOREST ST„ ATTLEBORO, MASS. 
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the pilot’s unseen helping hand— 

AUTOMATIC CONTROLS 



of present high speed military aircraft 
the pilot's manual ability to control all 
t. At speeds over 1000 feet per second, a 
concentrate on his trajectory. Such functions as 
transfer, tank-pressure regulation, afterburner eye- 
lid control, cabin pressurization and fuel-filter de-icing 
must be accomplished automatically. In these functions, 
AEROTEC Float Switches, Valves and Pressure Switches 
have contributed greatly to the solution of flight problems 
at trans-sonic speeds— truly a pilot’s unseen helping hand! 


AEROTEC Automatic Controls have passed extensive 
qualification tests simulating actual flight conditions in 
accordance with Spec MIL-E-5272. They are installed on 
such high speed aircraft as the Boeing B47B and BS2, 
Grumman F9F-6, Northrop F89D and Lockheed F94C. 


Constant research by AEROTEC Engineers into prob- 
lems of hermetic seating, high-pressure actuation, corrosion 
and high- and low-temperature conditions has maintained 
AEROTEC'S reputation as progressive designers and 
manufacturers of the highest quality products. 

Let our qualified engineering staff help solve yo»ir auto- 
matic control problems. One of our specialists is near, 
ready to serve you. Call or write today. 

When you think of Automatic Aircraft Controls, you 
should automatically think of AEROTEC. 


^THrTHERMIX CORPORATION 

GTKNWICH, CONWa/CtfX 
(Offices in oil principal aircraft centers) 

Cono4>gi< AMUaltl: T. C. CHOWN, LTD. Mon'rMi 21. OuiIik • TBrirta S, Onlo><o 


r THE AEROTEC CORPORATION* 

AlltatAFT DIVISION GREENWICH, CONNECTICUT I 

Designers snd Manufacturers of Automatic ConlroU — Valves: Rcgulstiag, Relief I 
and Cheek types— Pressure Sivilchcs: Gage, Altitude, Dilferential and Absoluta I 
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vision (SPOD), which inanages, operates 
and ni.iintains the facilitv- 

► Two Types— Eastman said there arc 
going to be two general tvpes of con- 
tractor tests conducted at AEDC: 

• For government contracts, any request 
for a test ought to be preceded by a 
discussion at AEDC between contractor 
and laboratory people. Tltis would be 
simply an exploratory talk and would 
not result in any promises of tests or 
schedules. Tlie contractor will get these 
after be passes his test proposal through 
his project officer to Headquarters, 
ARDC. 

ARDC will assign broad priorities to 
types of tests, but AEDC will iron out 
any last-minute requests for changes in 
schedules. 

• For “proprietary” tests— witicli East- 
man defined as tests without specific de- 
velopment in mind, but which could 
involve a contractor's ideas for a family 
of jet fighters, for example— the proce- 
dure would be different. 

Plans are to sell time for these tests, 
although the method of costing has not 
vet been determined. It will probably 
be worked out on the basis of charges 
for the dircf‘t cost of electricity, exclu- 
sive of o\erhead. 

After tests have been run, the con- 
tractor will get preliminarv data from 
automatic data reduction machines. 
Some early chats with prospective con- 
tractors have shown that some of them 
would like to test for a while and then 
lias'c a chance to res-iew the data before 
planning the rest of their test program. 
This can he worked out, says Eastman. 

► Living, Elating— AEDC is without fa- 
cilities where contractors can stay dur- 
ing their tests, hut there arc motels 
nearby. 

The contractor personnel will be able 
to draw on militarv transportation from 
motel to AEDC on an as-availablc basis: 
they will also be able to use the cafe- 
terias at AEDC. 

► .Air Connections— .At present, AEDC 
is also without direct air connection; 
the airstrip is continually being deferred 
for lack of funds. Air transportation 
stops at Nashville (82 miles awav) and 
Chattanooga (97 miles away); but the 
privately owned William Northern field 
just north of Tullahoraa will take non- 
schcduled aircraft up to 75,000 lb. 

There is no control tower, radio or 
lights at William Northern, so the field 
is available only under VER flight plan. 
“Make sure vou buzz the field a couple 
of times to dear the cattle off,” said one 
of the engineers. 

► Industry Conference— Both Kamm 
and Eastman .spoke highiv of the re- 
sults of a conference held with 15 fcev 
people of the Glenn I,. Martin Cn. re- 
cently. "They told us their problems. 
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Safety— 

smndsmimt! 

PROSECT 9* specified Ejection Seats for a new Jet Bomber. 
Those had to be designed to Military Specifications for use 
by Pilot, Co-pilot and Navigator-Bombardier. 

WEBER AIR6INEERIN6 WENT TO WORK . . . Complying wlih Mili- 
tary Specification MIL-S-6326, these seats were designed 
for 32Gs, while maintaining the lowest weight factor and 
bettering specification requirements. The electro-mechani- 
cal actuator gives complete uni-latcral adjustment for con- 
venience and comfort. Ejection controls are in a compact 
enclosure in the arm rest, thus eliminating complex external 
linkages. One lever movement automatically performs the 
full complement of pre-ejection functions, A simple trigger 
squeeze accomplishes the ejection. 



WEBER AIRCRAFT CORPORATION 

2820 Onlerio Street • Burbonk, Calif. • CHerleston 8*5543 



“Integrated Testing” Will Improve U. S. 



"X" EOUlfMtNT geU frtquenf warlc>guts in hot plonoi like this 
F.fl6 Sobro, on boilmanl from Air Foreo. G-G ormomont, fiight con- 
trol experts ore busy heiplng the Air Foree develop co-ordinated 
Sunday puirchos for new U.S. Jet ptones. 


PERISCOPE? Newport of o G-E rodor-aulopitot-armaniBnt system. The 
boom (installed in B-26) meoiures pitch ond yaw signals for deter- 


pin-point 



Flight Equipment Save Time and Money 


S()HENE(7TADY, N. Y. — dramatic iictv type of equipment tesliiig is 
taking shape at G.E.’s Flight Test Center. G-E engineers call it "iiite- 
graled testing.” Wliat it adds up to. is this: 

Instead of testing G-E aviation gear "piece-moal” (the old melhodt. 
General Electric is now equipping planes that can evaluate, in the air. 
new G-E jet ciigiiies. new accessory turbines, autopilots, armament, and 
radar and electrical sjslems. 

Itit^raled testing — the latest concept in modern aviation engineering 
— speeds G-E equipment development. Military and commercial cus- 
tomers will receive G-E products in less time ... at less cost. The prorl- 
ucls M’ill be belter, loo. because G-E engineers can kiion* before delivci‘\ 
exat lly how* each item will aFTcct the over-all performance of a nor plaoe. 
Hcre’s how the tests will work. 

,\t Schenectady, N. Y., G-E. now maintains an 8-plane "test (ieel" 
which in recent months has included a H-IT, B-25, B-26, B-29. two B- I5's. 
F-86’s, F-91’s, and an .^.30, Some of G.E.’s current bailmem-aircrafl are 
modified to carry whole systems of lest equipment. .let engines are slung 
fi-ora bomb-bays . . . armament systems set up in the fuselage . . . auto- 
pilots and radar systems are mounted in the planes’ noses. 

Once in the air, G-E engineers "turn on” the test equipment to deter- 
mine system-performance under Highl conditions. Then wliile sensi- 
tive instruments mea-surc responses, automatic recording equipment 
notes individual comyTonenl-pertormance — later the results are passed to 
desigit engineers, who make whatever system-changes arc needed to 
assure the best, over-all performance. 

Pi'ocedures like these naek up the G-E saying. "Progress is our most 
imporlanl product.” The next lime vou need night equipment, talk to 
G-E. first. Fur G-E equipment is built by men who know the needs of 
the aviation industry. 5cc/it«i 210-79, General Electric. Schenectady 5, N. Y- 


GENERAL 



ELECTRIC 



RADOME on lip of B-17 wing ol PlighI Toil Cewiti 
now corries spoclol opporolus. Sul pod« wero origi- 
nolly dofignod for gunnoti and wing-tip obforvers. 
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close tolerance 


high tensile 


special alloy 


special design 


for high temperature applications 



If it has to be “as good as a Cooper bolt," buy it from 

COOPER 

precision products 


5625 WEST CENTURY BOULEVARD 
LOS ANGELES 45, CALIfORNiA 


\vc toid tlicm ours, and as a result, wc’te 
going to be able to get along better 
when the;' come here for tests,” said 
Kamm. 

Kanini and Eastman felt that this was 
a desirable \vn^ of acquainting both in- 
<histr>- and AEDC |3Copic with mntnal 
piobleins, and said that tlic;' would be 
willing anytime to meet with similar 
industry groups at AEDC. 

“We can snow them wliat we've got 
to test with, and the kind of data we 
can give tlieni,” said Eastman, “llicy 
can get acquainted around lietc, too, 
and tliat’s important. Tlicn thej'll be 
able to walk in here and test with a 
minimum of small troubles.” 

► Contractor's Choice— “As far as we're 
concerned, the contractor can come 
down here and conduct his test program 
any way he wants to," said Eastman. 
“All we ask is a chance to look at his 
program and decide whether or not it is 
in the right order. 

“Obviously, we don’t want to crank 
one tunnel up for an hour, mo\ c to an- 
other for a few minutes, and then go 
back to the first one again.” 

“The only time we’ll tell him he 
can’t make a certain test.” put in 
Kamm. "is if we feel that the test won’t 
be safe for the facility.” 

Operating Division 

It's difficult to talk about AEDC 
without mentioning the Sverdrup and 
Parcel Operating Division. 

SPOD had been operating on an in- 
terim basis with four-month contracts, 
but this arrangement terminated, as 
expected, at the end of July. Gen. 1’. 
E. Farrell, SPOD managing director, 
told Aviation ’Weyk in mid-July that a 
new long-term contract was then being 
negotiated and that the tenns of the 
contract had been agreed upon by both 
parties. Tlie new agreement names 
Aro, Inc., as the contractor for opera- 
tion, effective Aug. 1. 

Originally, operation of the facilit;' 
was by the firm of Aro, Inc., a wholly 
owned subsidiary of Sverdrup and Par- 
cel. A recent political-financial crisis re- 
sulted in the creation of SPOD. 

SPOD had a separate contract, and 
mission and financing, and reported 
separately to the Air Force, Apparently 
things have straightened out now to the 
extent that the name— if not the struc- 
lurc— of the original operator can be 
worked into the contract again. 

► Major Effort— Maintenance and oper- 
ation of the physical plant accounts 
for the jobs of the majority of SPOD 
unpimes. Thev handle all the services 
of the 41,?O0-acre reservation— three 
times the size of nearby Nashville— in- 
cluding its six square miles of reservoir. 


162 


AVIATION WEEK, 


list 17, 1953 



. . . outperform and outlast any other types 


TYPICAL APPLICATIONS 

Expansion Joints 
Pressure Switches 
Pressure Control instruments 
High Temperatures (Exhausts) 
Low Temperatures (Liquid Gases) 
Swivel Type Joints for 
tiigh Pressure Steam Lines 
Valve Seals 
Paekless Valves 
Flow Control 

Critical Thermostatic Uses 


Where ordinary formed bellows fail. Breeze 
welded diaphragm bellows stand up under critical 
conditions for a long service life. 

Their dependable performance is due to the tact that they 
arc custom made for each individual application. 

This permits selection of the most satisfactory metal, the 
correct thickness, size and shape. Each job is 
engineered to meet or exceed specified requirements as to 
deflection, resistance to corrosion, vibration and high 
internal and external pressures. “Strength insurance” is welded 
in at inside and outside diameters. If you have a 
bellows problem, send for our form B-lOO, on which 
you cun conveniently submit your special requirements. 

Sizes % lo 1 0 inches inside diameter 
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At VARD, gearing is a craft unmatched. For over 
fifteen years, we have applied our knowledge 
and equipment to meet some of the most exacting 
challenges of the aviation and general industries. 
Yard, for example, has developed its own 
grinding machine which permits manufacture 
of hour glass worms from hardened stock. Thus 
greater loads may be transmitted at increased 
efficiency. This principle may be the 
answer to a problem you're facing. 


GEARED TO SOLVE 
YOUR PROBLEMS 


Peak punrping capacity for the water 
system is a staggering 250,000 gpm., 
a rate equivalent to that of Washing- 
ton, D. C. More power is distributed 
throughout tlie faeility than Nashville 

Ihe area is threaded with roads, and 
requites fire and seentity patrols, com- 
munications and motor and rail trans- 
portation systems. All of these tasks are 
done by SPOO. 

Tlie organization chart of SPOD 
shows two broad functions: engineering 
and administration. The engineers sup- 
port the tests or perform them; by flic 
loose distinction between groups, every- 
body else is an administrator. Total 
emplovment of as of July 10 was 1,518; 
in a couple of years this figure should 
be about 2,000. 

► Engineering Plans— Director of engi- 
neering for SPOD is J- M. Wild. '"We're 
Inn ing time with this facility,” he said. 
‘‘\Vc should be able to get as much as 
100 test hours on an engine-airframe 
combination in a month, and it might 
take years to get that same amount of 
time in flight tests. I know one experi- 
mental job that put on only 27 hours 
of flight time in one year.” 

One of Wild’s projects is to dispel 
anv wrong feelings engineers may have 
i:bout tlie type of work to be done at 
,^EDC. “We don’t want engineers to 
think that the job is turning valves and 
reading dials,” he said. 

"There’s much more to the work than 
that. We’ll have some research projects, 
for example, associated witli the mission. 

"Wc want to encourage ideas from 
young engineers. This is a young facility 
with no prc-conceived ideas.” 

► t'nivecsitv Plan-Wild outlined to 
Aviation Week a plan for advanced 
education which is being worked out by 
the Air Force. AEDC and the univer- 
sities in the area. 

Tlic Air Force began the study of 
universih- affiliation with AEDC, and 
directed its main effort at a graduate 
degree program. SPOD engineers would 
benefit by being permitted to go on and 
get higher degrees; AEDC would bene- 
fit from the advanced education ac- 
quired by its staff. The universities 
would gain financially and scholastically 
from close contact with the programs 
and development at the Center. 

Another phase of the overall plan 
would establish a cooperative training 
program, where scientists could do re- 
search under the guidance of a univer- 
sity staff and using the incomparable 
facilities of the Center. 

► Courses Start- The University of Ten- 
nessee's Extension Dii’ision now is 
offering a large varieh' of courses to the 
staff of AEDC. Classrooms have bren 
set up in Tullahoma as a service, and 


164 


AVIATION WEEK, 


17, 



^fodynomics 


kno'*'® 


W*"- ._e design 

knows 


eiectronies 


knows 


Housing intricate electronic equipment for airborne or shipboard use 
to withstand shocks and forces which might cause malfunction often 
presents problems as difficult as the design of electronic systems 
themselves. 

Tackling such problems for elearonic manufacturers, ship and air- 
craft builders is a specialty of the Edo Corporation. Whether your 
equipment must operate properly on jet aircraft or on board ship under 
battle conditions, its reliability is improved if mounted in Edo-designed 
and built cabinets or housings. 

If you have a housing problem, why not talk it over with our versatile 
engineering staff whose three-fold experience in the marine, aviation 
and electronics fields is unique ««</ itl your itisfiosi)/. 


to withstand . . . 

VIBllAtlOM 

CONCUSSION 

ENVIRONMENTAL 


let EDO house your electronic equipment 


TWO TYPICAL HOUSING PROBLEMS SOLVED BY EDO 



CORPORATION College Point, L. I., N. Y. 


165 





line for every aireraft appUcatioo . . . 



HARTWELL 


AVIATION SIPPLY COMPANY 

Manufacturers of Alrtrafl Plush Latches 
and Hinges, Finings and Cable Terminals. 
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;ilu)ost 100 engineers in SPOD ate tiik- 
mg tJicsc courses. 

Currently the only portion of these 
plans in operation is the extension serv- 
ice of the University of Tennessee; but 
steps are being taken to get the other 
phases rolling as soon as possible. SPOD 
management realizes the value of avail- 
able advanced-education facilities as a 
drawing card for engineering talent. 

How It Began 

AEDC had its genesis back in 1944, 
when some engineers and military peo- 
ple at Wright Field realized that air- 
frame and engine des’clopment was 
about to run out of facilities. In Novem- 
ber of that year, Gen. H. H. Arnold— 
in whose memory the Center was 
named— asked Dr. Theodore von Kar- 
man to study all the possibilities and 
desirabilities for the future development 
of the Air Force. 

► Soper Wright Field— The end prod- 
uct of the man-hours put in by von 
Karman and his advisory group was a 
proposal for a new Wright Field, a super 
development center for rocket tests, avi- 
onic work, parachute development, 
armament tests, and anything else that 
the Air Force might possibly need. In 
this package, of course, were huge wind- 
tunnels and engine test cells, as well as 
some smaller investigatory tunnels. 

Tlie astronomical requirements for 
electrical power and water supplv meant 
that such a new Center had to be built 
somewhere other than at Wright Field. 


► Deferred- Ihesc ambitious plans were 
refciTcd by tlic Bureau of the Budget in 
1946 to the Joint Research and Develop- 
ment Board which started a lengthy re- 
view of the entire matter. 

Because of this delay, and because the 
legislation for the super Center was tied 
up so long, the Air Force began to pull 
cut bits and pieces. 

Eventually these pieces were to be- 
comc— under other names and after con- 
siderable discussion— centers of the 
ARDC. 

It was also in 1946 that an executive 
committee meeting of NACA named a 
panel headed by Arthur Raymond, of 
Douglas Aircraft Co., to study the na- 
tional requirements for tran.sonic and 
supersonic windtunnels. 

The final report of this panel became 
the initial recommendations for the 
Unitary Windtunnel Plan, AEDC. be- 
cause of the windtunnels planned at the 
Center, became closely involved with 
the plan and conelated its work with 
NACA. The gigantic propulsion wind- 
tunnel of AEDC became a part of the 
Unitary Plan. 

► Completion Date?— There is no offi- 
cial date for completion of the Center. 
A consensus of some of the AEDC and 
SPOD personnel seems to point to 1957 
as an estimate of completion of the cur- 
rently planned portions. 

But in the engineering and develop- 
ment business, there is always tomorrow, 
and as one engineer put it, ‘AVhen that 
designer gets back to his drawing board, 
we've got to be there to look over his 
shoulder and figure out what he's going 
to want to test next.” 





WEEK, Augu:f 17, 1953 


AVIATION 



rsAKSisms HMD DIODBS 

POINT-CONTACT AND JUNCTION 


FOR CIVILIAN AND MILITARY APPLICATION 

NATIONAL UNION RADIO CORPORATION 

HATBORO, PENNSYLVANIA 

TUBES: TV PICTURE; TV & RADIO RECEIVING; SPECIAL PURPOSE; OSCILLOSCOPE, RADAR & SPECIAL PUR- 
POSE CATHODE RAY • ELECTRON TUBE RESEARCH • SPECIALIZED TUBE & TRANSISTOR TESTING EQUIPMENT 



The "giant that lives 


Exide Aircraft Batteries meet the 
demand for dependable power 



Since he was first featured in Exide advertising, almost 40 
years ago, the "giant in a box" has grown considerably. 
Exide batteries today are more powerful, more dependable, 
longer-lasting. 

Exide Aircraft Batteries are recognized for their superior 
performance under any and all operating conditions. The 
high efficiency, dependability, long life and ease of main- 
tenance of modem Exide Aircraft Batteries are due to 
years of resea r ch in the field and in the laboratory, plus 
the cooperation of the aircraft industry. 

In military as well as in commercial and utility aircraft. 
Exide batteries supply a dependable source of power for 
starting . , . lighting . . . ignition . . . communications . . . 
instruments, and other battery applications. 

Exide batteries today are more powerful, more depend- 
able, longer-lasting because of a continuous research pro- 
gram initiated in 1889. Over the years, Exide’s never- 
ending search for new and more efficient materials to build 
better batteries has resulted in improved alloys, wide use 
of synthetic resins, new manufacturing techniques. Con- 
sequently, specially-trained Exide technicians are able to 
build longer life and optimum performance into established 
types of batteries, and to develop specific batteries for 
new applications. 

Illustrated on these pages are some of the men and modern 
equipment used in Exide’s five-step laboratory operations; 
1. Research. 2. Product development. 3. Design. 4. Manu.- 
factwing control. 5. Product testing. 

Strict adherence to these five steps keeps Exide Aircraft 
Batteries way out in front for dependable power. Whatever 
your battery requirements for commercial, government, 
executive planes . . . you can depend upon Exide Batteries. 

Exide i« your best eirerafl battery buy . . . AT ANY PRICE. 

BATTERIES 


1888 ; i . DEPENDABLE BATTERIES FOR 6S YEARS . . . 1953 
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in a box” gets Stronger eveiy year 
...because of EXIDE RESEARCH 



THE ELECTRIC STORAGE BATTERY COMPANY, Philadelphia 2 • £»* Batteries of Canada, Limited, Taranto 
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Missile Center Expands 
F or Long-Range Flights 


Cocoa, Fla.— The first pilotless 

bombers to use the full current capabil- 
ity of the Air Force Missile Test Centu 
arc scheduled to roar down tlie Bahama 
island chain before winter. 

The scarlet missiles, white-marked 
for better tracking, will speed over the 
heavily instrumented down-range sta- 
tions for about 800 miles. Grand Turk 
Island will be the end of the line for 
some, but will serve only as a pylon for 
others that will turn and fly Mck up- 
range to a skid landing near their 
launching point at Cape Canaveral. 

For practitioners in the guided- 
niissile art, an SOO.mile flight will be 
.1 completely new experience. But for the 
crews manning the down-range stations, 
it will be just like the simulated tuns 
they have been tracking for many 
months. 

Tliat kind of test eapahility— being 
able to handle a range distance which 
has quadrupled ovemight-emphasizes 
the policies and advanced techniques 
that have made AFMTC such a po- 
tentially valuable laboratory. 

► Range Buildup— In the three years 
since the first missile- Bumper 8, a 
two-stage modified German V-2 and 
WAC Corporal— lifted off the concrete 
pad at the Cape, the range has been in 
a constant state of construction aimed 
at improving and extending the range. 

Today the line of flight stretches 
from Cape Canaveral to pass between 
stations in the Dominican Republic and 
Puerto Rico which will be finished in 
the near future. En route, there are 
island way stations— fully instrumented 
auxiliary Air Force bases (AAFB)— 
about every 150 nautical miles. 

Radio communications and a sub- 
marine cable link the islands to each 
other and to central control at the 
Cape, tying the entire range into a 
single precision instrument. 

► PAA May Run It— The operation of 
the range has been done by Air Force 
technicians, specially schooled by on- 
thc-job training. But at the time of 
AvtATiON Week’s visit in mid-July, the 
Air Force was negotiating with Pan 
American World Airways, in associa- 


tion with the Radio Corp. of America, 
for contractor operation of tlie range, 
presumably on a basis similar to that 
by which Aio, Inc., will operate the 
Arnold Engineering Development Cen- 
ter, 'I’ullalioma, Tenn. 

llie Air Force decision was made on 
the basis of two counts: the increasing 
sliortage of available technicians in the 
Air Force, and economy. 

Twelve organizations submitted pro- 
posals to run the range; each was per- 
mitted to define tlie extent— as well as 
requested to estimate the cost-of the 
work to be done. The joint proposal 
of PAA and RCA received the Air 
Force’s nod, and negotiations began. 

Currently, tlie extent of the job has 
not been finally defined. 

The Range 

Launching sites for the range are con- 
crete pads set into the glistening sand 
of Cape Canavetal. From these pads, 
the line of flight stretches southeast 
over the islands of the Bahama chain. 

On five of these islands, as in the 
Dominican Republic and Puerto Rico, 
the Air Force is completing the installa- 
tion of auxiliary bases to monitor the 
flight of pilotless aircraft down-range. 

► The Stations— The first station is on 
Grand Bahama Island, about 180 miles 
down. Another 120 miles down is the 
base at Eleuthera Island. San Salvador 
station is 200 mi. further on, and marks 
roughly the 500 mile point of the range, 

I'he site on Mayaguana Island is 
about 150 miles more, and the last sta- 
tion in the Bahama group is on Grand 
Turk Island, about 800 miles from 
Cape Canaveral. 

The Dominican Republic site turns 
the 1,000-mile mark, and by the time 
the missile passes over the Puerto Rico 
base, it will have traveled about 1,150 
miles. 

This fall will see the completion of 
the range to Grand Turk, and within a 
matter of months after that, the down- 
range stations at locations in the 
Dominican Republic and Puerto Rico 
should be completed. 



BUMPER 8 lifts off firing pad at AFMTC. 



ANTENNAS 


► Even Longer— But the range needn’t 
stop at the 1,000-nautical ntile mark. 
If you take a globe and a piece of string, 
you can sec for yourself the ideal siting 
of the range, sliould it require exten- 

Ftom Cape Canaveral down the 
chain, between the Dominican Re- 
public and Puerto Rico, the flight line 
can be extended to cut across the north- 
cast corner of Brazil. From there, the 
next landfall is the soutlscrn tip of 
Africa; the string finally intersects the 
west coast of Australia, half the world 
aw'ay! 

Brazil would seem to be a practical 
terminus for the range for some time 
to come; an impact area there would be 
about 3,500 miles from the launcli 
point. If file missile could be turned 
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there and flown back, 7,000 miles is 
the obvious range distance. 

► Way Stations- Tlie down-range sta- 
tions ate technical outposts, manned 
by 100 to 150 technicians and operated 
on military basis. Typically, one of these 
auxiliary Air Force bases will contain 
complete radio and wire communica- 
tions, weather station, range safety 
center, telemetry receiving station, ra- 
dar and optical tracking center, living 
quarters for the personnel and an air- 
strip. 

^^any small supplies needed for opera- 
tion are flown in by Fairchild C-119s; 
there is also an airlift service operated 
down-range by Patrick AFB for per- 
sonnel going on or off duty. Most of 
the bulk supplies are sent down in the 
liolds of landing craft that are operated 


111 the Military Sea Tr.insport Service. 
► Navy Design— Bases were designed by 
Navy’s Bureau of Yards and Docks an5 
built liv contractors using materials 
from the U.S. 

All buildings on the base are hurri- 
canc-proofed against a 150-knot wind. 
Iliilf-an-hout after a hunicane warning, 
the base is buttoned up. All radar an- 
tennas and other gear have been re- 
moved and put under cover; the other 
antennas are gused to witlistand the 
blasts of tlie tropical fury. 

The Men 

Civilization has ignored most of the 
areas around the bases, and native vil- 
lages arc all off limits to tlie military. 
In spite of tlie apparent lack of tilings 


to do, tlie airmen stationed at any 
A.AI'B have plenty to occupy their 

Technically, they keep busy on the 
continual string of tests which are made 
down the instrumented chain. If a 
missile is being fired, they have the 
usual complement of work to handle. 
Otherwise a plane carrying guidance or 
some other kind of equipment for a 
simulated nm will make the trip down- 
range almost every day. 

► Typical Airman— A man assigned to 
down-range station has been through 
basic training, and in addition has had 
electronics training at Keesler AFB or 
Chanutc AFB. But he will find un- 
familiar equipment in his new assign- 

His first training step takes him to 
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Till' p<miT is incri-asi'd from 6X0 b.li.p. to 760 h.li.p. by the introduction of the new 
Cip-y Qiwcn Mk. 2 engine of 380 b.h.p. 

TIk- gross weight is inci eased IVom 8,500 lb. to 8.800 lb. 

For the executive — a ii airliner in miniature 

DE HAVILLAND DOVE 

M.iclc bv the builders of the Comet, the world's lirst jet airliner. 





Flexonic 


, AIRCMFr DIVISION 

b'-Cf\ c dU J D-rL 1302 S. third avenue • MAVWOOO, lUINOIS 
FORMERLY CHICAGO METAL HOSE CORPORATION 
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Msj, Gen. WilUam Llojd Richardson, 
commander, Air force Missile Test 
Center . . . artillery and ordnance ex- 
pert ... bom Saginaw, Mich., 1901 
, . . graduated U.S Military Acudents, 

Coast -Artillery Corps . . . taught tactics 
at West Point . . . served in operations 
phnning section of W'ar Department 
general staff . . . organized airdrome 
defenses of Stli Air ['orcc in England 
. . . trained antiaircraft units in U. S. 
for combat dntv . . . organized and 
trained 9th Air Defense Command of 
9tli Air Force in Europe . . . post- 
war chief of guided missiles division, 
A.AF Ilq. . . . transferred to USAF 
when it Irccanie a separate service . . . 
becanre chief of Long Range Proving 
Ground when it was organized in 1949 


Jupiter, n training center on the Florida 
coast which simulates an island base. 
Tlicrc he takes a course laid out along 
similar lines and taught bv technicians 
from RCA. 

► Filling the Gaps— The instructors 
find out what tlic mait knows to start 
with; tlien they give Irini special train- 
ing to fill the gaps. .After that, he has 
a specialty; his stay at Jupiter is deter- 
mined by how much extra coaching he 
needs, and terminates when he is con- 
sidered sufficiently capable of doiitg his 

An airman intended for guided-missile 
cadres is assigned to the Guided Missile 
Group and either the 1st or 69th Pilot- 
less Bomb Squadron, which are now 
being formed to use the Martin B-61 
Matador. 

He may get extra instruction in spe- 
cial phases-giiidance, launching, pro- 
pellant.s haiidliiig. When the squadron 
as a whole is ready, it is reassigned to 
the Tactical Air Force. 

► Bricfing-Bcfore they go down-range. 






ENGINE ACCESSORIES 


iSHHiSHSSS 


Operating fluid: Engine Oil. 

Duly: Continuous. 

Solenoid: Single-coil, internally grounded. 
Oectrical Range: 18 Is 30 volts do. 
Current drain: O.S amo at 24 volts. 
Corrosion 
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shelf around 
of the products, 
id other items 
islands, 


Tire door to the briefing room has a know more about guid' 
large photograph of an aged Negro the natives of the United States. The 

riding a donkey cart down a narrow reason steins from a unique tour con- 

alley; surcharged across the top of the ducted by the former public informa- 

picture is the motto, "In order to have tion officer at Patrick, 

good neighbors, we must be good neigh- He organized a team of officers and 
bors." men to go through the islands and ex- 

Inside the converted Quonset hut plain just wlrat was going to be done 

which is the briefing room, there are on a guided missile test range. All the 

relief maps of the range and of each safety precautions were emphasized, and 



CROUSE HINDS 

research and development engineers 
cooperate in producing the latest 

^‘weather measuring’’ equipment 


The team took with them a set of 
charts showing the workings of a mis- 
■ imonstrations of jet 


of balloons ai 


t live demonstrations of jet 
1, they took along a supply 
IS and a model missile, rigged 
e propelled along a wire by the 
thrust from a tiny CO» bottle. 

From a salvagable V-1 came a fuse- 
lage, and from another missile they 
snagged a pulsejet engine which fit in- 
side the V-1 body. Wings and a Vee- 
tail completed tKe operating mockup 
of a full-size missile called “Liberty's 

► The Tour— Thus equipped, the team 
set out down the island chain. At each 
tiny settlement they stopped, unlim- 
bered the exhibits, and presented their 
traveling medicine show to the wide- 
eyed audience. 

Sometimes they spoke in the village 
church, sometimes in the town square. 
The balloons rasped erratically above 
the heads of the crowd, the model 
whistled along its v 
the charts wc ’■ 
the climax w 



missionary trip, and it could 
or broken our job here. We 


One officer not associated 
team summed it tl 

people in the islands in order to use 
the range, and we wanted to show them 
that we were going to do everything 
possible to make the operation safe. 
The tour team did a magnificent job." 


;t of the other development 
of the Command, AFmTC's 
big job is contractor service. The entire 
purpose of the range pid supporting 

U the kind of data he wants. 

Here, as in other .centers, the con- 
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DEFENSE PRODUCTS 

of High QuairtYOt low Cost 
DELIVERED ON TIME 


For dependable eleclrn-mechaiiieal devices — on or ahead 
o] schedule— at assembly-line the record proves 

you can always count on AC! 

• EXPERIENCE-we are currently producing such 
highly complex assemblies as "A" Series Gun-Bomb- 
Rocket Sights— A-lA Bombing Navigatio/ial Coro- 


KNOW-HOW— 700 top-drawer engineers, 
and technicians. 


SKILLED LABOR-thousands of highly trained pro- 
duction specialists. 

CAPACITY-,^.000,000 square feet of floor space in 
three great plants. 

FACILITIES— 3 3,000 modern machine tools all 
geared for action. 

SOURCES — 1,4(38 seasoned sub-contractors and sup- 
pliers working closely with us. 


177 






’’Most consistent 
'chopper’ on the market” 


That’s what a lot of people who use 
vibrators say about the Honeywell Syn- 
chronous 'Vibrator WG-178. 

They know from experience that per- 
formance is consistent from one unit to 
the next— a most important considera- 
tion. This high consistency in the per- 
formance of the WG-178 is a direct 
result of the quality of design and work- 
manship that is a distinctive feature of 
all products manufactured by the 
Honeywell Aero Division. 

Here are some of the other chatacter- 
iscics of the little "chopper " ; 





If you'd like to know mote about the 
WG-178 Synchronous Vibrator, we'd 
be pleased to send details. The address 
is Honeywell Aero Division, Dept. 
40I(AW), Minneapolis 13, Minnesota. 


Honeywell 



U PATRICK 

uny reasonable ground, and he can ask 
for— and get— any reasonable support he 
needs- Wlien his test is finished, 
AFMTC hands him the data and wishes 
him luck. 

► Safely First— Safety of the range is the 
only consideration which can overrule 
a contractor’s wishes. Once the missile 
is airborne, the Infliglit Safety Officers 
take over, and have the power of de- 
struction over the bird. 

Similarly, if the range has not been 
cleared by firing time, the Range Safety 
Officer can liold the test beyond the 
contractor's sclicdulcd zero time. 

► Flight Sequence— A missile launching 
program starts when the contractor 
makes his first request to the Wright 
Air Development Center for a test. 

WADC programs the test and sched- 
ules it into cither Holloman Ait De- 
\clopment Center (if the missile is 
small, short-range, recoverable) ot 
AFMTC (if the missile is large, long- 
range, non-tecoverable). That program 
is reviewed and approved by ARDC. 

Project officers at AFMTC meet with 
the staff of the 6341st Operations 
Group (Range) under Col. Harold Nor- 
ton to block out a firing schedule. Nor- 
mally they plan one week's schedule on 
a firm basis and the following week 
tentatively, to be able to take care of 
any aborted tests the first week. 

Alternate firing periods are figured in, 
during which simulated runs are sched- 
uled. Instrumentation plans are estab- 
lished according to the needs specified 
by the contractor. 

Tlie official paperwork— Missile Test 
Request— is used to get the missile to 
AFMTC for firing; the flight plan is 
developed and all down-range stations 
arc brought into the picture through 
the communication chain. 

► Fox Day— The firing date (F Dav) is 
established after the flight plan has been 
reviewed and approsed by the support 
groups. On F-minus 1. operations re- 
ceives reports on range readiness from 
the down-range stations bv direct tele- 
ri’pe connections. 

Work begins at the launching pads 
around midnight before the firing- Al- 
though the best hours for launching at 
the Cape are the last three hours of 
daylight— because the sunlight streams 
down-range instead of into the eves of 
observers and optica! instrumentation- 
the reliability of pre-flight procedures is 
still not high enough to permit precise 
scheduling. 

The usual routine is to work through 
the night before, counting on an early 
morning shoot-tho next best time. 
Then if delays come into the program, 
they can be compensated for bv stretch- 
ing the flexible launching schedule into 
the earlv evening. 

On F-Day the contractor establishes 
WEEK. August 
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Delivering men and bulk cargo to front line advanced com- 
bat bases calls for a rugged plane, built for a rugged job. 
Such is the combat-proven Fairchild C-119— workhorse of all 
our Armed Forces for a solid decade. Designed to handle 
massive bulk without dismantling, to load and unload with- 
out special equipment, to land where the going is rough and 
short, to paradrop men and supplies or evacuate wounded 
—the "Flying Boxcar is not in a class by itself. It is a class 
by itself! No other cargo plane can compare with the C-119! 


Increased paylosd • Better bulk Cargo Clear- 
ance and Distribution • Shorter Take-offs and 
Landings • Rough Field Landing Gear • Crew 
Bail-Out Chute ■ Provision for External Fuel 
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the count-dott-n procedure, knowing 
how long eacli step of the pre-flight 
check takes. The communications links 
arc checked out, and range clearance 

►Ait Support— From the runways at 
Patrick stream about a dozen aircraft, 
a mixed group of Boeing B-17 and B-29 
converted bombers for range clearance 
and guidance, and North American 
F-86s for chase and guidance and-if 
necessary— for destruction of the bird. 

The B-17s cruise above the wedge- 
shaped range clearance area looking rot 
sliips and small boats. By radio and by 
powerful loudspeakers on the aircraft, 
these "Polly” planes pass the word on 
clearing the area. Other B-17s and 
B-29s check on aircraft clearances; some 
monitor interference control for the 
missiles under command guidance from 
the ground. 

Back at the Cape, technicians com- 
plete each step of the pre-flight check 
on schedule, although not necessarily 
on time. This results from a holding 
procedure superimposed on the count- 
down; if X-minus-10 minutes comes 
up and fuel tanks aren’t yet filled, for 
example, time stands still at X-10 until 
the tanks are filled. Then the count- 
down progresses. 

► Firing— With range and launching pad 
clear, the missile is ready for firing- At 
X-time, the controller at the console 
inside the blockhouse closes the firing 
circuit and the missile blasts off the pad. 

Takeoff is photographed by a ring of 
special cameras, and the primary data 
is filmed during the first few seconds 
of flight. Camera coverage of the launch 
extends to an altitude of about 4,000 
ft. and picture clarity and accuracy will 
give missile position within three or 
four feet. 

Immediately the Inflight Safety 
Officer assumes control. He is told by 
automatic plotting of radar data just 
where the missile is inside the range. 
Skyscreens check the radar plots by 
visual observation through a gridded 
telescope field; the operators report back 
to Inflight Safety. 

If the missile begins to edge toward 
the range limits, the safety officer will 
generally tell the contractor to get it 
back on course. Tliis failing, the safety 
officer has a try; if the missile still devi- 
ates, he blows it into chunks bv a de- 
structor mechanism actuated by the 
firing key which he holds during the en- 
tire flight. 

► Flight Data— Right after launching, 
special modifications of the Asknnia 
phototheodolite make a record of the 
missile angle and elevation on film. 
These pictures, combined with baseline 
calculations (for triangulation) give the 
missile position within 50 ft. out to a 
slant range of about 15 miles. 


NOW AVAILABLE! 



wide frequency-range precision inverter 

can also be used as a precision synchronous rectifier 
or "ring demodulator" 

Designed for military and industrial use: Bristol Syncroverter 
Switch is designed for a wide range of applications, including 
precision use in aircraft and guided missiles at high altitudes, 
gun directors, electronic computors, instruments, null detectors, 
and many similar devices. 

Contacts; Contacts are provided for double-pole reversing 
switch action, or two synchronised independent single-pole 
double-throw actions. 

Response: The switching time is in the order of SO micro- 
seconds. 

Effects of Thermal emf eliminated: Extremely smeU thermal 
emfs at the contacts are self-cancelling by the double-pole re- 
versing contact arrangement. 

Switching Dissymmetry: Less than Vk of 1 percent. 

Hermetically seoled in a military-type case against dust and 
corrosion. 

Write for complete specifications to 'The Bristol Company, 130 
Bristol Road, Waterbury 20, Conn. 

^BRISTOL 

FINE PRECISION INSTRUMENTS FOR OVER 60 YEARS 
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Stop neighborhood complaints... improve 

personnel efficiency and morale! 

Kittell-Lacy Silencers reduce tlie ear-shattering noise accompanying 
ground testing of jet engines to an acceptable level- Operation is so 
quiet tests can be conducted day and nig/if without complaints from 
-surrounding residential areas- Operating personnel benefit, too, 
since reducing the noise level safeguards hearing, lessens fatigue, 
and increases efficiency! 


Pul Kittell-Lucy's experience la work for youi 

Kittell-Lacy engineers, specialists in acoustic and stnictural engi- 
neering. were pioneers in developing somul abatement facilities 
specilically for silencing jet engines. They ha\ e designed, fabricated 
and installed some of the largest silencers now in use, Nfany of these 
arc in continuous operation at extremely higli temperatures, yet have 
required no maintenance other than routine exterior painting, 

If you uiant to know more about KitteU-Lacij 

facilities and experience, a new informatice 
brochure isyours for the asking.Write for it today. 
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MUl-course flight is monitiired by ra- 
dar, the SCR-5S4 modified to record on 
a data box- If there is a good beacon 
in the missile, tracking is easv out to a 
slant range of about 150 mi- with an 
accuracy of about 200 ft- in space. 

With skin tracking, the slant range 
is less depending on the target. Actually 
the mid-course data is not too critical; 
only the general fliglit path is of in- 

-At the impact point at a dawn- 
range station, technicians manning the 
ladiir and photothcodolites measure mis- 
sile |Jciforinancc as it dives toward the 
natcr. 'I1ie radar acquires the target 
by data |wsstd on from computed paral- 
lax data, giving tlic position of the 
Grand Bahama radar based on the radar 
at the Cape. 

► Data ffandling— The ultimate goal is 
1 completelv automatic range, insofar 
as data recording and reduction goes. 
Right now, tracking data is taken manu- 
ally and punched on tapes to be fed into 
the SE.AC computer of the Bureau of 
Standards. Telemetering data nins 
tliroufli automatic reduction equipment 
from the original tajjcs and is then fed 
to tlic computer. 

The data belongs to the contraefot; 
but in this learning stage for both range 
and contractor personnel, the data is 
shared to evaluate range iiistrunientj- 
tion as well as tlic missile. 

A data report for a specific flight is 


prepared by the 6541st Operations 
Croup, and the 6555th Guided Missile 
Group writes a summary report of each 
week's firings. 

At the end of each phase of missile 
flight test, the GMG also publislics a 
revien- of the plia.se. 

Cameras 

Col. Norton told Avi.stion Weuk 
some of the details of the spccia!b,ed 
camera installation used to track the 
missile at launch. 

► Recording Ring— The launching pad 
is ringed witli cameras for pliotograpliic 
coverage of detailed phases of the take- 
off. Position, vdocitv and attitude arc 
recorded on film from points to tlic 
right and to the rear of the missile and 
from one-quarter to one-'nlf mile anav. 

Askanias and Mitchell cameras arc 
three to five miles away, and in some 
instances as far distant as nine miles. 
Three theodolite stations are set up. 
one at the north and one at the soutli 
end of the Cape, and the third at 
Patrick Al'-B. 

CS.M’ (gunsight aiming point) cam- 
eras arc mounted on the missiles sonie- 
times to pliotograph some detail. 

Col. Norton said that these cameras 
were the piimarv source of data: 

• Clark ribbon-frame, with a picture 
about file indies wide and onc-quartcr 
inch deq), aligned so that tlie aperture 


is parallel to the line uf flight. It is used 
primarily to get acceleration, velocity 
and position during tlic launch phase. 
Speed is 120 frames per second, but it 
can do 600, 

• Hulcher ribbon frame, essentially the 
same as the CLirk, but with a much 
wider field of view. Witli this camera, 
operators can increase the area of cover- 
age .ind can get data if the missile leaves 
its i>re-selcctcd takeoff path. 

• Mitchdl biglispced motion picture 
camera is used for tracking the missile 
from takeoff until it disappears and is 
useful for giving attitude data. It is also 
usc.l during terminal phase into the 
impact. It has a B5-nini. frame size, 
lenses with focal lengths from 20 to 180 
inches, can be used in a fixed position 
nr for tracking. Normally ran at 64 
franies per second in color, it can op- 
erate from 16 to 600 frames per sec. 

• Faslax highspeed motion picture cam- 
era is used for closeup work in color. 
It has bcai useful in studies of flame 
propagation, missile separation from the 
launcher and umbilical cord pullaway. 
It runs at 600 frames per second on 
16-mni. film, and empties the container 
in about three seconds. 

History 

Selection of the Cape Canaveral site 
was tlic reeonimendation of the Com- 
mittee on Long-Range Proving Ground, 
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named in 1946 to study the best loca- 
tion for such a range. 'ITicro were al- 
ternates considered; the Nar y site at 
Pt. Mugu was one, and the Grtlf of 
California was anothcr. 

► Why the Cape?— But the Cape was 
picked because its climate was suitable 
for all-year operation and because the 
area was one section of Florida left 
untouched by the great real-estate boom 
of the Twenties. Land was cheap, 
uninhabited and isolated; safety and 
security would be easy and economical. 

Another factor weighing heavily in 


the 6nal designation was the abandoned 
Banana River Naval Air Station nearby, 
a prospective base of operations for 
headquarters, support aircraft, etc. 

The Joint Research and Development 
Board approved the Committee’s report 
in July 1947 and in December, the Air 
Force was told to get going on the de- 
velopment of the range. 

► Organization— .-4 group with equal rep- 
resentation from Army, Navy and Air 
Force, and directed by Ma[. Gen. Wil- 
liam L. Richardson, now commanding 
AFMTC, started the actual work to 
back up Board recommendations. 

First they liad to become experts in 




SERVICE STEEL 

VAN PELT CORPORATION 


1437 FRANKLIN ST. 
DETROIT 7, MICH. 




Col. 11. %V. Norton 
Commander, Range Group 


foreign affairs. There were treaties to 
be made with tire governments of the 
United Kingdom, the Bahamas. Ja- 
maica, Dominican Republic and Puerto 
Rico. 

Then they had to activate interscrvice 
channels to bring in experts from the 
entire military establishment. 

By mid-1948, NAS Banana River was 
transferred to the Air Force, and re- 
habilitation of that base began. 

► Starting Up— By October of the fol- 
lowing year, work liad begun on the 
Cape site and island stations. The 
range was then known as the Joint Long 
Range Proving Ground, to be operated 
jointly by Army, Navy and Air Force 
under administration bv USAF. 

This arrangement continued until 
June 1951, when the range was re- 
designated as the Air Force Missile 
Test Center and placed under the Air 
Force alone. At the same time, the 
Navy was given complete control over 
Ft. Mugu; Army rcecis'ed control over 
the White Sands plus Holloman range. 

► Today and Tomorrow- Actual missile 
firings on the range today are rare, but 
so are actual missiles. 

This fall, long-range firings will begin 
over distances of at least 500 miles, a 
goal promised as far back as 1949. 
Tlicre are plans to fly missiles as far 
as Grand Turk, turn them and fly them 
back to the Cape for a total range of 
about 1,500 miles. 

So step by slow step, missile pre^ess 
follows the extension of the range. "If 
this range is to be of any value, we've 
got to stay ahead of the missile business. 
Wc always have to have a longer flight 
line than any contemporary missile can 
travel,” said one officer. 

"Today it’s a piddling 200 miles; this 
fall it’s going toward the 1,000-mile 
mark. Next stop? Don’t forget the 
string and the globe." 
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€un’t penetrate iQ 

this barrier 
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IN THIS 

SELF-SEALING 
DOME NUT 


Provides : 

★ High pressure sealing withoul 
sealing compounds 

rk Inseporobly self-contained assembly 

★ Single point seal 

4r Floating nut with stationory seat, 
unaffected by successive belt 

Reduces Installation Time, 

Weight and Maintenance 

Because seal is self contained, no sealing com- 
pounds are used resulting in reduced weight. 
Necessity for mainfenonce is almost eliminated. 
SPECIFICATIONS 


Nutt-Shel 


811 AIRWAY, GLENDALE. CALIFORNIA 
Oirus 4-4191 CHopmon 5-3693 







3. BI.OCKHOIISK, linked to launcher by cables in long concrete trench. 



Holloman 


Alamogordo, N. M,— Nortli of the 
Rio Grande, the San Andres and Sacra- 
mento mountains rise out of the desert 
floor in parallel ridges, the west and east 
boundaries of El Paso del Norte, historic 
avenue between Mexico and the United 
States. 

Halfway up the pass, the billowing 
dunes of tlie White Sands National 
Monument encroach on the Tularosa 
ba.sin. A little further north is the 
greenish silica circle in the desert that 
marks forever the site of tlie first atomic 
blast set off by man. 

This is the geograpiiy of the region 
around Holloman Air Development 
Center. 

The rugged country around Hollo- 
man matches the rugged job of the 
Center— tlie testing of missiles, pilot- 
less aircraft and various hpcs of asso- 
ciated equipment. 

►A Busy Basc-Thioiigh the indigo 
skies met the base liave flo« n, floated— 
and flamed- tlie gamut of aerial re- 
search tools. Free balloons have hung 
at altitudes approaching 100,000 ft., 
and drifted in jet streams to Noway 
and Algiers and the Atlantic. The 
Actobee researcli rocket has blasted 
upward at supersonic speed carrying 
monkeys and mice 200,000 ft. above 
the desert crust; Martin’s Matador and 
.N'orthrop's Snatk have orbited up along 
one ridge and down the other. 

Holloman is a biisv base. Visitors 
are not aware that missiles are being 
fired or drones launched while they are 
at the base, h'or safety, launching sites 
are remote and widely scattered over the 

But like the circus, Holloman is a 
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Tests Missiles and Pilotless Aireraft 


performance where something is hap- 
pening in every ring. 

During July more than 60 firings 
were scheduled, not counting those 
run on the rocket track. 

► Problems— There still ate many jobs 
to be done at Holloman. "Right now 
our projects outstrip our facilities,” Col. 
Don R. Ostrander, HADC commander, 
told Aviation Week. "We didn’t 
really get rolling technically until fiscal 
year 1952." 

“Space is our problem— we’re very 
crowded— and we're strapped in the mis- 
sile test group on personnel,” added 
Lt. Col. Harry F- Boone, deputy com- 
mander of tlic Guided Missile Test 

Lack of personnel will be helped by 
a group of 26 Gorman scientists, re- 
cruited last summer. In tliarge of the 
recruiting was Dr. Ernst A. Steinlioff, 
formerly with the Array Ordnance mis- 
sile team at Ft. Bliss, and before that 
liead of the Steering and Control group 
at Peenemuende in Gcrmany- 

Steinhoff is licad of the Technical 
Analysis Division which will absorb all 
the Germans. Reason for the recruit- 
ing was two-fold; Tlie Germans liad 
certain technical competence, and en- 
gineers are hard to get. 

► Why Here?- Like some other .•\RDC 
centers. Holloman was located because 
of the peculiar geography, llicrc were 
other Air Force bombing ranges avail- 
able at the time Holloman was picked 
as the site for missile work, but fbetc 
were disadvantages to many of them. 

The whole length of this range is 
bordered by mountains East and West; 
these serve’ as a natural barrier to the 


range and tlicir tops are dotted with 
down-range instrumentation stations, 
h'ar to the north, more mountains rise 
lo block off that boundary of the range, 
'lliis basin is like a gigantic bowling 
alley along which missiles can be fired 
and controlled. 

Directly below the southern border 
of the Holloman area is the Army 
Ordnance White Sands Proving 
Ground, site of most of the ex-German 
V-2 firings in this country, and crater- 
dotted by impacts of hundreds of test 
rounds. Still further south is located 
the Army’s Ft. Bliss Anti-aircraft Test 
Range. 

► Joint Effort— lliesc tliree rang^ 
Holloman, White Sands and F't. Bliss- 


are now consolidated into a single 
strip 128 miles long, 38 miles wide, 
operated bv a joint Air Force-Army 
comniittcc- 

Odd buildings arc scattered through 
the desert area. 'Fhey arc concrete 
blockhouses, strong points for missile 
launchings, or telemetering vans oi 
(itlier instrument housing. Neater the 
base is a high board enclosure to pro- 
tect the Moby Dick balloons at launch- 
ing. In the technical areas there are 
large hangars with contractors' nanies- 
Locklieed, Ryan, Hughes, Bell, Radio- 
plane— painted on signboards outside. 

Off to the north, standing alone in 
the middle of the valley, is Tularosa 
Peak, Its flattened top is man-made, 
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GOODYEAR 

AIRCRAFT CORPORATION 

takes its 

ENVIRONMENTAL TEST PROBLEMS 


to Mcnneu 


Trouble-free performance of electronic circuits, . . . smooth operation of 
servo-mechanisms, auto pilots, and complete guidance systems — upon 
these things depend the accurate flight of guided missiles and the accom- 
plishment of their mission. Goodyear is one of the many members of the 
great industrial team behind the O. S. Air Force Guided Missile Program. 
To meet rigid Air Force requirements, many electronic components — as 
well as cross-sections and complete missiles — undergo complete environ- 
mental testing under accurately simulated operating conditions ... in 
this Tenney Altitude Chamber. 

SPECIFICATIONS 

80,000 ft., roted 
20% la 9S% 

— 100-F. to +200»F. 

to — 8S’F. with 1000-lb. moss lood in 90 inrnules 
3 kw at — lOO’F. ond 50,000 ft. altitude 
iinsidel 7’w Jt 9'd x 7'h (outside) lOW'w x 18'd x lOWh 


ENGINEERING, INC. M 


Mil-T-27, and other conditions to meet other government specification 
cycling tests. Air-tight door slides on tramrail and isi sealed by 
pneumatic closing device. Accessories include frost-free viewing 
windows, power shafts, terminal pads, provision for inside 
monorail for heavy equipment, and externally operated 
conditioning dampers. 

©...> 

Engineers ond Moisufoclurers of Automatic Environmental Test Equipment 





NEW H-P-M PRESSES 

FOR PLANE PRODUCTION 


■Fifty high-powered years forward into the 
age of flight . . . achievements beyond number 
. . . it's a record of which the American Avia- 
tion Industry, the United States Air Force and 
Navy Bureau of Aeronautics have every right 
to be justifiably proud. 

In the past, present and future progress of 
air power, H-P-M has and will continue to play 
an important role. Wu arc proud of the many 
contributions H-P-M Att-Hydraulic Presses 
have made in solving specialized production 
problems of the Aircraft Industry. 

Today, these many new H-P-M presses, over 
n dozen of ivbich are hi the 5.000 Ion to 7,000 
ton ran ee, are at work with hundreds of other 
H-P-M presses in this great industry which is 
^•i^tually the backbone of our peace through 
preparedness program. 

Looking ahead to the production require- 
ments of the Aircraft Industry lur high-tonnage 
jiresses up to 200,000 tons ca]iacity, H-P-M 
teamed with the Austin Company and have 
organized the Throailess Press Company to 
design, build and install these economical, 
high-tonnage units. 

If it’s hydraulic pressure processing, make it 
a jioint to talk to an H-P-M engineer. 

WATCH FOR THE ANNOUNCEMENT OF THE 




FIRST CHOICE OF THE AIRCRAFT INDUSTRY FOR ALL-HYDRAULIC 



HIGH TONNAGE PRESSES 



^THE HYDRAULIC 
PRESS MEG. CO. 

1092 Marion Kood, Mount Gi/eod, Ohio, (J.S.A. 

Presses for Every Pressure Processing Application 
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cording equipment now crest the peak 
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of the Air Force Missile Test Center 
at Patrick AFB is determined primarily 
by the type and status of the particular 
missile. 

Currently accepted policy says that 
Holloman will worry about any re- 
coverable missiles or test vehicles and 
short-range weapons. 'I’he AFMTC 
will take over when missiles become 
“semi-reliable,” go on an operational 
status or are required to undergo long- 
range testing. 

■^Training guided-missile outfits is 
going to be a tough job,” says Col. 
Ostrander. "We have such a limited 
number of ranges in this country and 


In eSect. the contractor moves in 


When t^ntissde is rr^dj^for firing 
rvorries that go with the task. They 

SIB'S EH 




INTO FLICirt'. .\ltcr boost phase . . . 




FIRKBEK on aein-length launcher shows unusual configuration of triple tail. 
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arc assigned by JIADC persoiind; llic\- 
also rule on range safety and missile 

A project officer is fed into the sys- 
tem bv Holloman for on-the-job train- 
ing. Ills main task is military liaison 
and be gets bis autlioritv from the 
contracting officer. 

► Hands Off— Beyond acting as aides 
to the contractor, Holloman personnel 
aren’t authorized to do anything cl.se. 
“ft's the contractor’s missile, and when 
it's reads' to fire, we just stand back 
and watch.” 

This hands-off approach is typified 
by the routine for asking the contractor 
to make a specific test. I1.\DC can't do 
this directly: the questioning agency 
is ^^'right Air Development Center, 
and through this channel must go anv 
requests for contractor activity from 
IRDC. 

Holloman, however, can use a stop- 
order on a firing and make the con- 
tractor wait while the questions are 
routed to him formally through 
WADC. 

Final task of the base personnel is 
to report on the firing, although this 
is not the official report which contains 
the test data. The HADC report is 
more on the lines of a summary, with 
no conclusions drawn from data or 
observations. The report savs whether 
Ihe missile worked. 

► Missile Recovery— .^fter impact, the 
Army swings into action with its re- 
covery teams. Liaison aircraft— Cessna 
L-19s, a Convair L-5 and a Sikorsky H-5 
helicopter— scoot along the valley 
searching the area around the predicted 
and plotted impact point. 

“We fly around 500 ft., generally 
with a single search plane, although 
sometimes we have used three.” said 
I.t. Robert Hubbard, one of the Army’s 
pilots. "Once we've spotted the im- 
pact point, we radio back to the ground 
parties and circle the area or lead 
them to the impact site. 

“It’s not easy to find a missile that’s 
scattered itself over the desert floor 
or bored its wav in. We've flown over 
an area several times before spotting 
the missile lying in plain sight on the 
ground. 

“It may be so far from base that 
Ihc ground parties have to camp out 
overnight and go on in the morning. 
\\'e can land anvwherc and stav with 
them or go on hack to base and fl\' out 
again the next dav.” 

► Retrieving-Hubbard said they needed 
I bulldozer on occasion to dig out 
Irombs or missiles, and often there 
would he a special trailer requited to 
haul the missile back to base. Tliese 
vehicles arc all Army equipment. 

One other job done by the group 


is range safety, Tlic\' set up road blocks 
with tlic radio trailers for air-to-ground 
comniuii ication. 

Hubbard is a walking example of 
the joint operation of the range. lie’s 
stationed at Ilolloinan, assiped to 
.^riny Ordnance and attached to the 
•\ir Force. 

Complement of the .\rm\'s ''air 
force" at Holloniiin is five I.-19, one 
l.-s -md one li-^. 

Research Test Branch 

Tlic rc.scarcli test branch, said M;n. 
Ernest P. Luke, has the job of furnish- 
ing three te.st facilities: the Acrohee 
rocket: balloons for high-altitudc flights, 
and the high speed test track. 

Research test branch is divided into 
operations or test section and an engi- 
neering and dcs'clopment section. Tlic 
latter group handles all electrical and 
mechanical installations, all electrical 
dcs'clopment, and all aerodynamic and 
mechanical problems in the develop- 
ment of new test items. 

Capabilih’ of the section to do origi- 
nal work is developing now but onlv the 
initial stages of such a capability have 
been reached. 

► Aetobee— One of the most s'crsatile of 
test vehicles is the Aerobee hieh-altitiide 
sounding rocket (RTV-A-IA), devel- 
oped and manufactured by Aerojet En- 
gineering Corp. Thirtv-seven rounds 
have been fired out of the tilting firing 
tower since Dec. 2, 1949. 

It is not a cheap program. Each 
round costs about $20,000 to buv and 
nearlv $500,000 to launch, including 
everything and everybodv involved. 
Test results from this workhorse rocket 
have proven its value. 

Aerobee is 26-ft. long and most of 
its .slim 1,100-lb. bulk is propellant, 
piping and powerplant. The small re- 
mainder is concentrated in the ogival 
nose section where instruments, tele- 
meter equipment, fruit flics, mice and 
monkeys have made the trip to altitude. 
►Leaning Tower- The 120-ft. high 
steel launching tower is visible from far 
off. It juts skysvard, its red steel trass- 
U'ork tied to a concrete base, and leans 
permanentlv one degree to the North. 
This tilt gives initial guidance to the 
Aerobee, which has no means of guid- 
ance or control once it leaves the tower. 

Two legs of the tripod base are on a 
North-South line, with the northern 
leg shortened to give the permanent list. 
The west leg is mnunted nn a hydraulic 
cylinder, which serves to tilt the tower 
through an arc betaveen two degrees 
East and one degree west. Initial de- 
flections in these directions can com- 
pensate for the earth's rotation and 
wind drift, 

► Firing— Firings arc gcneralh' at dawn. 
Aerobee and its booster are loaded into 
the tower vertically, bearing laterally on 
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Compact, powerful, custom-built A.C. or D.C. 
motors for ELECTRONICS and ELECTRO-MECHANICS 


Wherever you need electric motors for maximum 
power in minimum siee, Pesco has the basic co-ordi- 

For example — Pesco motors are now in use for: 
cooiing (blowers for electronic equipment), tuning 
(radios and automatic finders), scanning antenna 
(civilian and military), antiaircraft radar fire control, 
as well as pump drives and mechanical actuators. 

By using standardiaed parts in a series of six co- 
ordinated frame sizes, Pesco can provide you with 
electric motors for electronic applications with volt- 
ages from 6 to 120 volts D. C.; from 1,100 to 6 


H- P. for operating speeds up to 15,000 R. P. M. 
Special, high-altitude design will operate from -65“ 
to + 165“ F. 

Pesco high-frequency A. C. induction motors, squir. 
rel-cage type, are built in a series of 5 co-ordinated . 
frame sizes to meet horsepower requirements of .01 
to 9.0, at 400 cycles per second. 

Motors in these frame sizes can be built for your 
specific frequency, using standard parts to obtain 
the speed and power rating desired. Consult our 
Engineering Department concerning your require- 
ments. Strictest confidence — and no obligation, 
of course! 


BORG -WARNER 


CORPORATION 
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during tontine flights to stud\ mdiation 
effects. 

I’hcy are tlic subjects in a program 
conducted by the Space Biology lab at 
Holloman to determine effects of pri- 
mary cosmic radiation. 

Reasoii for the studies is that manned 
flight is beginning to reach tlie altitude 
hclt-70.000 ft. to 90,000 ft.-where 
cosmic ray intensity is appreciable. If 
is necessary to determine what those 
rays will do to man. Current scientific 
opinion varies from "some effect” to 
"possibly lethal." 

Fruit flies are used because they arc 
so well known genetically. Their life 
cycle is only two weeks, which is brief 
enough so that a short period of time 
after the flight will produce enough off- 
spring and successive generations to 
make statistical studies. 

► Flight Details— The general research 
program and details of the tests were ex- 
plained b\ Maj. Dasid Simons, a former 
flight surgeon now assigned to the work 
of the laboratory. 

Simons explained that primary radia- 
tion is made up of tlie strav nuclei of 
heavy elements like iron, carbon, oxygen 
and nitrogen. Tliese can't be duplicated 
at ground Iwcl, although the lighter 
nuclei of hydrogen and helium can he 

Tlie chief field of interest is in the 
“bullet” effect of the cosmic particles. 
These particles can rip through tissue 
and out again without doing much dam- 
age. It is when they begin to slow down 
that they get dangerous, because radia- 
tion is strongest when the particle has 
ncarlv stopped. 

Wren these nuclei begin to slow 
down well below the speed of light, 
thev collect electrons and ionize at a 
high rate. The net result— as far as tis- 
sues are concerned— is that thc\’ are hit 
«ith a cylinder of highh' ionized mate- 
rial about 100 microns in diameter and 
a verv few millimeters long. This is the 
"Inillet.” 

► Cciie Damage— The particular studv 
nmv under wav at Space Biologv is to 
find nut ii'licthcr or not the bullet 
causes anv particular damage to the 
genes of the flics. (Genes arc the units 
of inheritance; thev determine presence 
or absence of such characteristics as 
black bodies or red eses in successive 
generations of the flies. 

The bullet can cause both genes of 
the fruit flv to snlit, and a phenomenon 
known as tran.slocation takes place. 

Simons said that translocation was 
something like a double-cross in tree 
grafting. You graft a limb from tree A 
to tree B. and a limb from tree B to 
tree A. The fruit vou got from tree A 
would he mnstlv fruit A with a little 
fniit B thrown in; the opposite would 
be true for tree B. 


FOR YOUR "AN" OR STANDARD 

STAINLESS STEEL 
FASTENERS... ITS 



aW eCdiven^ 

Place your orders with Allmetal for 
Stainless Steel Fasteners that meet the 
rigid specifications of the Aviation In- 
dustry. All types and sizes, “AN" or 
STANDARD, in stock. Stainless Phillips 
Recessed Head Screws and Specials 
available too. Complete facilities un- 
der one roof assures prompt delivery. 

CATALOG S 
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his pmgmn. has been running for 

;d and mated to virgin 
etic studies. It is dc'hni 


„ ^ charts of 

inherited cliaractcristics plotted from 
these test runs and to see long lines 
drawn through an occasional generation. 
The lines ate marked "Lethal." 

► Fly Canict— A bright orange sphere is 
the balloon gondola on these tests. In- 
side the zippered canvas covering is 
about three inches of Fiberglas insula- 
tion and an aluminum sphere. Four 
screened cages are supported inside the 
sphere on plywood bulkheads, and in 

tainers for^thc fiiglfts^ buf ^Id 

that they do throw in some soda lime 
to keep down carbon dioxide. 

Almost all of the flights use balloons 
for the test vehicles because— at tlic 

sure that some flics will get hit by the 


apt to get struck. 

► Recoverv Problcm-Tlie maximum 
transition from primary radiation to sec- 

any kind of results. He would like to 
get exposures of at least 72 hr. dura- 
tion in order to speed up the data 

ionally for the 
altitude made 


I larger uroae ain. 

OQ-19 is the late 


Part and parcel of the des’clopment 
of any weapons system is the parallel de- 
iclopment of targets to prove the sys- 
tem. At Holloman, among the seieral 
types of target drone aircraft t ' 
arailable ii ... - - 

OQ-19 and 
'Hie OQ- 

line of target drones built bv Radio^ 
plane, originally the propertv of actor 
Reginald Denny and now owned bv 
Xorthrop. Perhaps more than anv other 
contemporary aircraft, the OQ-19 owes 
its success to long backgrounds in model 
building and flying on the part of its 
developers. 

► Life Span— The best illustrai 






PLANNING THE RIGHT ANSWERS 



The complexity of modem air 
defense— extreme aircraft speeds, 
highly complex weapons, new 
combat strategies, the advanced 
slate of today’s technology— poses 
serious problems for the scientut 
and engineer. 

One significantsolurion lies 
in the extensive use of air- 
borne automatic equipment, 
including electronic digital 
computers, to augment or 
replace the human element 
in aircraft control. 

At Hughes Research and 
Development Laboratories 


each problem is attacked bas- 
ically, beginning with systems 
planning and analysis. This 
consists of an exhaustive ex- 
amination of the requirements 
of a problem, together with an 
evaluation of the best means 
for satisfying these require- 
ments. The objective is to 
design the simplest possible 
mechanization consistent with 
a superior performance. 

These techniques, employ- 
ing many special talents, are 
responsible at Hughes for the 
successful design, develop- 


ment aiiif production of com- 
plexly interacting automatic 
systems for all pirascs of elec- 
tronic control of interceptor 
navigation, flight control, and 
fire control. Similiar accom- 
plishments may be pointed to 
in the guided missile field. 

Memods of systems plan- 
ning and analysis responsible 
for achievements in tlie mili- 
tary area are also being applied 
at Hughes to adapt electronic 
digital computer techniques 
for business data processing 
and industrial controls. 


HUGHES 


Research 

and Development 

Ulwmtories 


LOS ANCELtS COUNTY, 
CALIFORNIA 



PHYSICISTS 

AXI> 

ENGINEERS 

Hughes activities in the 
computer field are 
creating some new 
positions in the Systems 
Planning and Analysis 
Deparinienl. Experience 
in the design and 
application of electronic 
digital computers is 
desirable, but not 
essential. Analytically 
inclined physicists and 
engineers with a back- 
ground ill systems work 
arc invited to apply. 
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THAT MISCO PARTS ARE USED IN THE 

STRATOFORTRESS 



Its EIGHT 

Powerful PRATT & WHITNEY AIRCRAFT J-57 
Engines employ INVESTMENT CASTINGS by 


Cmbcd^ 

FIOHUCEIS or «I»C»IT AKO inOJUtltl IWytSTMIWI CtMIKOS 


Today, when aircraft and aircraft engine builders 
alike demand the utmost in dependable precision 
castings, they look to Misco for accuracy, large 
volume, and substantial production savings. 

Pioneers in the precision casting of heat and corro- 
sion resisting metals, Misco has years of experience 
in this highly specialized held. 

The Misco Precision Casting Process, with rigid 
dimensional and metallurgical control, X-Ray and 
Zyglo inspection, affords every assurance that 
customer requirements are met. 

WHITEHALL, MICHIGAN 
PLANTS AT: DETROIT AND WHITEHALL, MICHIGAN-OfFICES IN All PRINCIPAL CITIES 
TELEPHONE: WHITEHALL 2-1515 
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this is the launching technique. Often 
hred from a catapult or even one of the 
rocket track sleds, the OQ-19 has re- 
cently been flow:i off the ground on a 
control line. 

► Firebee-Ryan's Q-2 drone was 
launched initially from a modided 
Douglas B-26. Later techniques have 
made it possible to ground-launch the 
Firebee using a solid-propellant Rato 

Most of the Firebees now operated 
are powered by the Fairchild J44 turbo- 
jet, a lightweight engine of monocoque 
design. 

A few of the Firebees liave been 
flown with French Marbore jets which 
have a lower fuel consumption. 

► Engine Mounts— The Fairchild en- 
gine as mounted in the Q-2 needs no 
extra tailpipe other than that supplied 
with the engine. The Marbore has a 
long and angled tailpipe to compensate 
both for the engine’s shorter length and 
the direction of” flow tlirougli the turbo- 
jet. 

Getting at the power plant for 
maintenance or removal is a cinch with 
the cowling design Ryan developed." 
said Walter Andre, civilian engineer in 
the drone section. 

A wedge-shaped piece lifts out of the 
upper cowl about two feet behind the 
nose. At the pointed ends of this wedge 
are hinges with their hingeline across 
the fuselage from right side to left. The 
mechanic unlatches the cowling at the 
rear of its lower surface, and the whole 
cowling swings down, rotating around 
tlie hinge line until the wedge-shaped 
open segment is closed. 

► Recovered Birds— A line of Firebees in 
various states of teardown and assem- 
bly indicated lire endurance of ‘‘birds’’ 
which had already flown and been re- 
covered. Their red noses bore white 
stencils of the Firebee under a para- 
chute for each successful recovery. Top 
score for any drone in the hangar was 
nine recoveries. 

Andre said recovery of the bird has 
been highly successful. Capt. Jay Smith 
of the Parachute Branch said that the 
Firebee was a good example of a fine 
installation of a parachute recovery 

Only two of 71 flights cracked up in- 
stead of fioabng down under the silk. 
On the two that failed, post-mortems 
uncovered the reasons and there aren’t 
likely to be any more failures from that 


Parachutes 

If there is a parachute problem, the 
chances are that Capt. Jay V, Smith 
can help. He is head of the Parachute 
Branch at Holloman, and his group is 
set up to manufacture, repair and test 
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New G-E Ignition System Gives 
Jets Fast High-altitude Starts 


Exact performance data is classified, but this much can 
be said about G.E.’s new Capacitor Discharge Ignition 
Systems for jet aircraft: 

1. These systems assure fast, reliable ignition at high 
altitudes. Full-scale engine tests have now proven chat 
these G-E systems fire jet fuel at extremely low tem- 
peratures — at altitudes far above 30,000 feet. 

2. G-E Capacitor Discharge systems, through a unique 
use of capacitors, provide a terrifically powerful, iffectivi 
spark. Because C-D systems have a sealed spark gap in 
their discharge circuits, energy output remains constant 
ac all altitudes. 

3. The main components are housed in aluminum boxes 
with removable covers. Maintenance is easy, for compo- 


nents are readily accessible for overhaul or replacement. 

4, These G-E systems arc built to Radio Interference 
Specification MIL-1-6181. 

If you would like more information on this outstand- 
ing new G-E product, just send in the coupon below. For 
immediate projects, of course contact your nearest G-E 
.Aircraft Specialist. Secthn2I0-7i,Gtneral Eltcrric Company, 
Schmectady 5. N. Y. 
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FOR ELECTRICAL CIRCUITS... 
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cliutcs from 10 in. in diamctct to 150 
ft. across. 

Do you want a reliable barometric 
l>rcssurc switch? Smith's outfit has 
one. He says that it is a little too heavy 
and a little too complicated for per- 
sonnel chutes right now, but it works 
cs'cry time. 

► They Find Answers— Do you need to 
know the drag characteristics of a 
WAKO spherical chute? Smith’s group 
can probably dig out the figures. 

Are you stuck for space in the chute 
compartment? Try pressure packing, 
an innovation in tcchnirjuc for squeez- 
ing out all trapped air during the pack- 
ing process. 

Do you want some design advice for 
that recovery system for your next mis- 
sile? Smith makes a fervent plea to 
allow for altitude enough and space 
enough to accomplish the task. 

► Branch Mission— The job of the para- 
chute branch is to provide service for 
the contractors, to install and niudifv 
parachute recovery systems, and to con- 
duct tests to improve the systems. 

To accomplish this job, the branch 
is scheduled to make about 50 drops 
per month, based on 22 working days 
per month. But Smith said that aircraft 
availability cuts that figure down bv 
as much as 25%. 

Two general types of tests come un- 
der the work schedule of the group; 

• Proving tests of a new item in a sys- 
tem. a recovery modification or a func- 
tional component test. 

• Service tests of parachutes before 
they are used in a recovery system, or 
any new Or repaired chutes. 

They have developed a standard con- 
tainer for chutes by modifying several 
general-purpose bombs. They take a 
bomb, chop off the portion behind the 
tear mounting lug and replace that por- 
tion with a shcet-metal tailcone. By 
using tile nose shapes from 5Q0-, 1,000- 
and 2,000-Ib. bombs, they can get a 
range of containers that will handle 
loads from 2-10 to 3,000 lb. 

► Instrumentation— The container is 
rigged in the bomb-bay or under the 
wing of one of the drop aircraft- 
Douglas B-26, Boeing B-17 and B-29, 
or Douglas C-47— taken to altitude and 
dropped. 

Instrumentation is GSAP cameras to 
photograph the deployment of the 
chute, and accelerometers to measure 
the opening shock and impact shock. 
Base instrumentation gives the space- 
time relationship during the drop. 

In spite of the 600-year history of the 
parachute, there arc plcntv of prob- 
lems which time has not solved. Smith 
says tlierc is as yet no catch-all para- 
clmte system; each type has to be de- 
veloped on an individual basis. Tliis 
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MILITARY NEWS 


from the world's largest light plarre producer 



Flexible as the L-19 “Bird Dog” has proved to be, Cessna 
engineers have now clone it one better in the new XL-19B— a 
turbine-powered version of the L-19 that flies on any grade of 
fuel, even diesel! 

Other current Cessna projects are development of a new Navy 
helicopter, production of assemblies for bomber and fighter 
planes and research in Boundary Layer Control which greatly 
shortens the take-off and landing distances required by high- 
speed aircraft- 

CESSNA AIRCRAFT COMPANY, WICHITA, KANSAS 


IN ARMY OBSERVATION PLANES AND TURBOPROP RESEARCH , . . 
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means time, and what seems l.ke dupli- 
cation of effort. Smith is the exact 
antithesis of tite guy who has a book 
and doesn't want another; parachute 
systems come in libraries- 
' There isn’t any system big enough 
for the recovery of rcallv heavy objects, 

History 

Manv an Air Force pilot today re- 
members lifting B-17s, B-24s and 
B-29s off the runways at Alamogordo 
Armv Air Field. This was the original 
name of the base that is now Hollo- 

TTie field was deactivated at the end 

► First Missile Woik-Meantime, the 
Air Force had been making its first 
steps in the direction of guid«l missiles 
at the Air Materiel Command base at 

''^By'^thr’end^f 1946 the old bomb- 
ing range at .Alamogordo was selected 
as a good missile test area. The nvail- 
able land was about 64 miles long and 
J8 miles wide, and sparsely populated. 
So Col. Paul Helmick, who had been 
' ;d Missile 
r combat, 
0 in charge of a 
.. .t the base missiles 
r airmen and officers 
n Wendover. which 
nd Holloman began 

1947- 




Air Research and Develop- 
ment Command was formed in 1951, 
the base was taken under tire .Air Force 
Missile Test Center at Patrick AFB, 
Fla., and svas known as the 6540th 
Mis.sile Test Wing. In September 1952 
the base was taken from AFMTC and 
redesignated the 6580th Missile Test 
Wing. A month later, Holloman was 
named one of the development centers 
of ARDC. and the range was consoli- 
dated with those of the Army in a joint 
cooperative. 

North of the Rio Grande, between 
the enclosing arm.s of the San Andres 
and Sacramento mountains, fly the 
shape and substance of tomorrow's 
missiles- 

Now, as in the past, pioneers are 
traveling the length of the historic pass 
to the north. 
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Center Tests USAF Armament Systems 

AFAC gives developers of new weapons systems a place to 
proof-lest their work, get the ‘bugs’ out of components. 


Eglin AFB, Fla.— "Without arma- 
ment, tliere is no Ait Force.” 

Emblazoned in offices and hallways, 
on walls and bulletin boards, these 
seven words by Lord Trenchard (re- 
garded as tlic father of the Royal Ait 
Force) summarize the philosophy, the 
job definition and the attitude of the 
Air Force Armament Center, located 
on Choctawhatehee Bav on the Gulf 
of Mexico. 

• As a working philosophy, the sentence 
cxprcs.ses the position of armament in 
the complex picture of contemporary 
aerial warfare. 

• As a job definition, it draws the 
broad outlines witliiii which officers, 
airmen and civilians work at this 
Center. 

• As an attitude, it reflects the opinions 
of file armament experts, starting with 
AFAC's commander. Brig, Gen. Ed- 
ward P. Mechliiig, and extending right 
on down through the ranks. 

► Analogy— Unlike their medieval 
counterparts, these armorers don’t forge 
any weapons themselves. Their work 
is today’s cc^uivalcnt of the proof test, 
used ti) satisfy the customer of the 
Middle Ages as to the adequacy of liis 
armor. 

In effect, AFAC runs a shooting 
gallery. It operates the range, gives 
the customer a place to stand and 
bullets to shoot. It marks his targets, 
and gives him the results. 

Right now, it is not a very ornate 


sliooting gallery. It is not even com- 
plete. AFAC is a very busy proprietor, 
trying to keep as many customers shoot- 
ing as possible, wliile building an addi- 
tion to the gallery next door and setting 
up new and different targets in the 
original range. 

But within the next eight months, 
the Center will have completed the 
lion's share of its facilities, and will be 
able to show the biggest change yet in 
capability. 

At tliat time, AFAC will be well 
along in its plan to develop an all- 
weather capability for testing any arma- 
ment system or any of its components. 
► Not Just the System— Almost every 
time the plirase "weapons svstem” is 
spoken around this Center, it is fol- 
lowed by "and its components." That 
is a clue to the stress which has been 
placed upon sub-items of a system, and 
not on the system alone. 

"The weapons system concept can’t 
be fully successful unless it’s based on 
the ai-ailability of tested components," 
Gen, Mechling told Aviation Week. 

"A weapons system lias about a five- 
year lead time, and the initial choice 
of components must be made on the 
basis of some experience- So it is im- 
portant that the full scale of component 
developments be sponsored and ade- 
quately tested for the state of the art 
so that systems engineers will have 
suitable equipment and test com- 
ponents. 


“It's true that everything in the 
component line will not be used, but 
we must test sufficiently. Right now 
we are creating n technical capability 
and capacity; our ability will contribute 
to the success of tlic weapons system 

“Remember that testing lias to be 
done in lime to be effectii c." 

► War Baby— The Air Force Armament 
Center was rc-jlly started by the minor 
multitude of weapon failures during 
World War II. Because there had been 
no central tost facilitv set up by the 
Army Air Force, much new armament 
used during the war vears had been 
committed to production ahead of 

The AAF' was embarrassed by being 
forced to rework or refit equipment on 
aircraft, and also lost money and 
precious time. 

Out of these failings grew the realiza- 
tion that an armament test center 
would be a valuable asset. 

Both the Air Staff and the Air 
University made studies of the problem. 
Some of these were aimed at opening 
a new test area but somebodv discov- 
ered that-at that time-Eglin AFB 
near Valparaiso, Fla., was not being 
utilized to capaciN. 

The decision to put armament test- 
ing in with the work of the .-Sir Ptoi’ing 
Ground at Eglin was made bv Gen. 
Vandenberg, then USAI'' Chief of Staff, 
in early 1949. 
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Mimicapoli.s-lloneywell Regulator Co.; 
Dean L- E. Grintcr, University of 
I'lorida; Donald B. Houghton, tlie 
I'tanklin Institute: Dr, Nonnan C. 
Peterson, Rand Coqj.; Rodcric M. 
Seott, tlie Pcrkin-Elmcr Corp.; Oram 
C. Woolpcrt, MD, Ohio State Uni- 
icrsity Research Foundation; II. T. 
Hokanson, General Electric Co.; Col. 
11. N- Marsh, Hercules Powder Co., 
Inc.; Jo.scph Pinsky, Illinois Institute 
of Technology . 

► Circular Circuit— Armament is a 
mern-go-toiind. Requirements lead to 
deveiopment, then testing. Procure- 
ment follows, and then a period of 
sen'iec life. The experiences learned 
here load to new icquirements, and the 
carousel goes round and round. 

At four stations of the circular patli, 
AF'AC lias a chance to grab for the 
brass ring: 

• In the development phase, it sup- 
ports the contractor and tests com- 
ponents of the final system. 

• III the testing phase, the system and 
coniponents are es'alnated as insurance 
before entering an all-out procurement 
program. 

• Dunng ptoeuremeut, the armament 
svstem, the tactical aircraft and the 
pilot arc evaluated together as a 
weapons system. 

• During service life, unsatisfactory re- 
ports may come in on the performance 
of an item in combat; inservice testing 
is the result. 

All these tests feed back into the 
development circuits, and, coupled with 
changes in tlic state of the art and 
practice in tactics, help determine 
future requirements. 

► The Channels— Tliese are the steps 
between ideas and tests in the present 
dei'elopment of sveapons systems: 

• Development Planning Objectives are 
the prime movers. Tliesc originate in 
the office of the Deputy Chief of Staff 
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One reason beiiiiid this decision was 
the availability of the facilities of the 
Al’G- Charged with operational suil- 
.ibilify tests of all Al'' armament, the 
Air Proving Ground rctjiiircs test ranges 
wliich are the same as tliusc required 
by AFAC. The only difference between 
them is tliat generally there is more 
msttunieiitation required for an .•\F'AC 
mission than for an APG mission. 

Construction began during fiscal year 
1950. In December 1931, the Air 
F'oree Armament Center was officially 
designated, placed under the Air Re- 
search and Dtvdopnicnt Coniniand. 
and Gen. Mechling was named com- 
mander. 

►Advisers— There were two deterring 
factors: First, experienced people to 
form a strong nucleus were not plenti- 
ful; second, tlie prestige of armament 
in the Air Force was pretty low. 

Immediately after liis ^pointnicnt 
to the command of APaC, Gen. 
Mccliling-with 18 years experience in 
Army Ordnance be/orc transfer to tlie 
AF— set up a Technical Advisory Group 
of 20 consultants. 

These men— amiaincnt specialists 
from industry and technical scliools— 
advise Mccliling on modification or ex- 
tension of the Center and its organiza- 
tion. They meet about annually as a 
group; individual members may be 
asked for specific answers to special 
problems. 

As an example, a Group member 
might be asked to comment on the 
validity of conclusions drawn from 
certain test data; another might be 
asked to recommend the most practical 
method of utilizing tlie range data. 

Although the organization calls for 
a full-time executive director of the 
Group, tlicrc was none as of mid-July. 


Brig. Gcii. lywjid Pont Mechling, 

ter . . . uidiiaiiLc expert who tiaiisferrcd 
to US.\I-' I'hcii It hcfjine a separate 
scrx-ice . . . bont Knoxville, Tenn, . , . 
grjdiiale U. S. Military Academy 
1927 . . . graduate of Anny Ordnance 
school . . . bachelor's degree in me- 
chanical engineering from Massachu- 
setts Institute of redinology . . . served 
as ordnance officer with 8th. Hth and 
1 5th Ait Forces in Europe during 
World War II . . - depuh- director 
of armament in US.\F Hq'. 19-18-51 

mciit, llq. ARDC before taking coni- 
mand of US.SF armament center . . . 
author of field niamial on electric aitcl 
gas welding . . . wrote articles on 
ordnance and logistics - . . awarded 
Legion of Merit and Air Medal. 


Gen. Mechling wanted to get the best 
person available, but was not in a great 
hum to 611 the job until he was satis- 
fied personally with the prospective 
candidate. 

► Adxisorv Group Members: Current 
roster of the Tcelmical Advisory Croup 
comprises tiiesc armament experts: 

Dr. H. II. Bailey, Bell Telephone 
Labs; R. R. Beachlet, Jt., George Bus- 
sicrc, and W. E. Swanson, all of North 
American Aviation, Inca Dr. C. S. 
Draper and Dr. J. P- den Hartog, Massa- 
chusetts Institute of Tcclmoiogy; F. AV, 
Godsei', Jr., Westinghouse Electric 
Corp.; Dr. Walter Bartks', University 
of Chicago: Henry A, Berliner, En- 
gineering Research Corp.; Homer H. 
F'.wing, E. I. du Pont dc Ncmoiiis & 
Co., Inc. 

Also, Col. R. L. Goctyxmbcrgcr, 
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for Development, HQ USAF, and rise 
out of continual reviews of the state 
of the art in aerial warfare. These docu- 
ments lead to: 

• General Operational Requirements, 
which define in outline a weapons sys- 
tem or a component. GORs go to l!Q 
ARDC, where a solution is proposed: 
the package of GOR plus whatever help 
can be added is forwarded as a: 

• Design Study Directive to the proper 
Centers for study. Tlie Centers make 
up their version of the proposal, which 
must be approved at liQ ARDC and 
HQ USAF before work can start. That 
document is called a: 

• Development Plan; approval of it con- 
stitutes the authority to go ahead and 
means money is set aside for the 
project. 

“About here is where we get into 
the act," said Col. Paul S. Bechtel, 
Depute Chief of Staff. Test Operations, 
for AFAC. “Mv office is responsible 
for acceptance, programming, planning, 
control and reporting of all test pro- 
grams. \\'e work with the Deputy for 
Plans here all the way through. 

"We get in the pre^am as early as 
several years ahead of the tests, when 
Wright Air Development Center is 
working out the Development Plan. 
We help write the test annex to the 
Plan after WADC has laid out the 
test objectives. 

"We choose the type of test and 
techniques, and plan ahead so that once 
the hardware arrives, we can start 
work,” Bechtel added. 

► Second Phase— Development type 
testing, usually called Phase One. is 
not the job of the Center. AFAC work 
starts in the second phase of engineer- 
ing evaluation, when the contractor 
brings his weapon down to the Center 
to use its facilities. 

The Center will test in Phases Four. 
Six and possibly Five: it is also possible 
that all six phases of tests may be done 

In general, AFAC tries to monitor 
the development phase by watching 
tests while the contractor runs them; 
in like manner. Center personnel work 
with Army Ordnance. They might 
handle special applications or spseial 
aspects which would put the Air Force 
in the Ordnance act. 

Anv minor troubles which can be 
6xcd with a minor change are handled 
at the Center to keep from interrupting 
the test program. If some major trouble 
appears, the item goes back for de- 
velopment work. Tire Center will rec- 
ommend changes to the Armament lab 
at WADC or request that the project 
officer come down and look the situa- 
tion over. 

"Right now vvc'rc only doing a little 
bit of contractor support." said Bechtel. 


AAF Engineering Skill 
Produces New and Better 

Aviation Industry Equipment 
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"We’d ?ikc to Iiave them come down 
pnd get a little extra insiglit into de- 
velopment problems, whether or not 
they’ve got anything to test. We expect 
that contractor support will grow as the 
word gets around on the facilities we 
have.” 

► Procedures— "It might be easier on a 
contractor if he comes here first for 
preliminary discussions,” said Maj. F. J. 
Hale, head of the Project Plans Divi- 
sion Milder Col. Bechtel. "Then he 
makes the formal request through the 
project ofEcer at WADC.” 

As in other Centers, there are no 
charges to the contractor for the use 
of the facilities; costs are budgeted as 
part of the normal operating expense 
of the Center. 

Final data may be widely distributed 
-in the c.ise of Phase Two tests— or 
may go only to the specific contractor 
and the military, "Contractors’ rights 
arc respected,” said Hale. "We may 
reduce the data for him, and we'd like 
to keep copies because we base to he 
able to make technical comments that 
are «’cll-foundcd.” 

Hale explained that human factors 
in test programs are taken into account 
by using more than one pilot. “We 
get a pilot through routine channels," 
he said. "He may get cheeked nut at 
the Air Force Flight Test Center for 
'|3ccial deals first, but usuallv he comes 
in here. We do our on n training, and 
end up with engineering pilots." 

Pilots from the Air Proving Ground 
Command ate encouraged to come 
across the street and obsers'C or lls-. 

► Climate and Problems— "The climate 
doesn't hold us back much,” said I,t. 
Col, L- E. Winebrenner, Deputv Chief 
of Staff- "We can bomb from anv 
altitude about 50% of the time, and 
do most of our test work 85% of the 
time. 

"But we’ve got problems of loca- 
tion.” he added. ‘^\'hcn APG first 
came down here, there was practiealh- 
nothing. TTiey could bomb and shoot 
all they wanted. In 193(5 you couldn't 
find your way through tlic swamps; 
streets weren’t cverr pased around Ircrc 
until near the end of the w.nr. Now 
look at it-thc whole area has Imilt up 
and they’ve got towns and paved roads. 

"Fisheries are getting to he a range 
problem. If we want to extend niit 
os’er the Gulf, we're going to be right 
oser the area that supplies most of 
the red snapper and lots of tlie shrimps 
and tliat’s a big industrs'. 

"Now the air is getting so full of 
radio, it’s another big problem getting 
the communication channels squared 
away. You can see the need for secure 
communications around here,” he said. 

► Dcselopment Program-'Dic Center is 
now building toward the goal of an all- 


214 


AVIATION WEEK, 


List 17, 1953 




weather. 2-1-hour test facility. By the 
cad of next spring, the bulk of the 
I'laiiiicd instrumentation and construc- 
tion should be finished. 

This hiiildup has been laid out in 
three steps- 

• The first was to get the ranges in 
limited operatiou while the buildup 
was progressing, and to get a headstart 
on the special kinds of instrumentation 
tliat would be needed later. 

• Tlie second step is construction of 
the major technical facilities— three 
Iniildings and six ranges— needed to 
make the Center capable of fulfilling 

• TIic third will put the finishing 
touches on tlie Center and give it all- 
weather capability by adding precision 
electronic instrumentation to the opti- 
cal systems that make up the bulk of 
the data-gathcring equipment now. 

Until the buildup is complete, 
.\FAC will continue to ii.se some 
ranges jointly uitli the Air Proving 
Groinul Command, and some of its 
own ninge.s at a capability level some- 
what below the planned iiltimatc. 

► Completed Center— The six ranges to 


be completed in the second step will 
shape up like this: 

» Precision bombing range. This range 
will study one side of the bombing 
problem— the characteristics of bombs 
and bombing systems. Data gathering 
will start at the release point and 
follow the time history of the system 
until burst or impact. 

• B-linc range. This is a laboratory to 
study the other side of the bombing 
problem-fhc w.ilue of tlie aircraft as a 
bombing platfonn. Instrumentation 
iMsed on shoran (short-range naviga- 
tional radar aid) will pinpoint the posi- 
tion of the drop aircraft within five feet 
in space at all altitudes and specds- 
From this kind of data will come better 
computers for bombing systems. 

• Air-t»ground rocketry and gunnery 
range. Fire-control systems will be put 
through theii paces on this range, de- 
signed to take gunnery, rocketry, skip, 
dive and fo.ss bomijing missions witli 
equal case. The data from test nins 
will be used to determine magnitude of 
the scicral fiutcirs that cause dispersimi 
of projectiles. 

• Rocket ballistics range. Static testing 
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of armament systems as mounted in 
aircraft will be tlie big job of tin's range. 
Tlie damage potential of armament will 
be determined during the testing pro- 
gram. 

• Moving-target range. Tactical weap- 
ons will be the big users of this range, 
intended to evaluate forward-firing sys- 
tems again.st the kinds of moving targets 
encountered in battle. 

• Pattern bombing range, 'lire name is 
explanatory; the range is to be used for 
studying the pattern of multiple or clus- 
ter drops and skip bombing. Water and 
land area will he included in this range. 

These are the thra' major buildings 


presently nearing completion at AFAC: 

• Armament euginccring building, a 
tlircc-story fireproof and air-conditioned 
building. Engineering testing, instru- 
mentation development, design and 
modification will be carried out at this 

• Heavy systems building, a two-story 
layout, will handle the items too big Or 
heavy for the annainent engineering 
building, and cm its second floor will 
house the centralized flight and ranee 
data processing equipment and flight 
operations comminiic-.ition tenter. 

• Armament installations building is .1 
workshop for installing weapons in all 
kinds o( aircraft. Basically, the lavout 
is that of a hangar more than sOO ft. 
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square. This kind of a building is dic- 
tated by tile stringent requirements for 
installation of bombing systems now 
under development. Ihose reqiiire- 
inents say tliat the airplane innst not 
move more than one degree of arc 
about any axis during the installation 
of the bombing system. 

►.\miamcnt lib— The complex instru- 
mentation at .M-'AC originates in the 
.-\rmament 'lest I'acilities Laboratory. 

"We’re working toward an instru- 
mentation setup that will let us follow 
the progress of a flight test during the 
test, \\’e can avoid a lot of data reduc- 
tion that way.’’ said Lt. Col. Gilbert 
I'cstcr, Chief of the lab. 

Instrumentation can be developed or 
designed at the lab; it may be procured 
from other .\RDC centers or other de- 
fense agencies. But over three-quarters 
of the supply comes from contracts with 
industry. 

Tlic general policv calls for the lab 
to produce its own Items with iii-shop 
capability only when industrv— through 
lack of available instruments or reluc- 
tance to produce a small rjuantity— is 
not able to do the job. 

Guidance for the lab conics from the 
Deputy for Plans, and there is coordi- 
nation between the lab and the test 
support and test operations groups. 

► Problems— “You can get .some idea of 
the complexity and accuracy of the 
instruments we have to deveiop," said 
Foster, 'when you consider the desired 
accuracy of the systems vve have to test- 
Instnimentation accuraev has to be one 
order of magnitude greater than that 
of the test system.” 

“We depend heavily on photo-optical 
data now because it’.s more accurate 
than modifications of electronic devices 
that wore originally designed for other 
purposes.” he added. “But photo-optics 
systems arc going to be superseded be- 
cause of the man-hours necessarv for 
data reduction.” 

"We need a system that will give us 
trajectories,” put in Robert C. Hoffman, 
ex-N'avy submarine commander now 
heading tiie Office of Plans and Con- 
trol in the lab. "In this business, you 
have to know about the misses as well 
as the hits; path data will give vou that 
kind of information. 

‘Then there's a problem in evaluat- 
ing airborne fire-control systems. We’ve 
got to have the relative distance and 
time orientation of the aircraft involved 
at extreme speeds and altitudes," he 
emphasized. 

► Time Standard— Hoffman explained 
the timing svstem which provicies the 
common datum line for all instrumen- 
tation on all ranges. ,A time code, cali- 
brated by Station \\^\’B in Washing- 
ton and with a minimum time interval 
of 0.1 millisecond, is broadcast from the 
base. 

F.ach range has its own rate selector 
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Arc's oew "Anti-G" Valve plays a vital role in today's 
protection of jet pilots. 

This valve links the pilot's ”Aoti-G Suit” to a supply 
of compressed air. Any sudden change in ’‘G" force 
(gravity or centrifugal force caused by turns, dives or 
climbs) opens the valve. Air accurately metered for the 
existing Sight conditions is admitted to the "G” suit 
bladders, creating pressure on the legs, thighs and front 
abdomen. This pressure prevents the pilots blood from 
rapidly draining from his head down into his body thus 
preventing "blackout”. 

For further details on this "Anti-G" valve and other 
high-precision aircraft products produced by Aro write: 

The Aro Equipment Corporation, 

Bryan, Ohio 
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whicli is used hi auitmi or iicHhitc Ha- 
iiistrmncnts. 

1 he l>;isi<- time ncfiir.icv is 0.001)0001 
stcdiul. 

lloffiii.m c.spcctcd tli.it witliiii three 
yc-.irs (he Center «-mdd have iisjilablc 
n ecntr.ll com|)iiting sinfi,,,, to present 
udiited diita eoiieiirreiit witli sensing 
it. .Mthuugh an expensive item. Hoff- 
man said that such a station would prob- 
ably pay for itself several times over in 
the first year’s operation. 

Heart of tlic station will be an elce- 
tronie digital computer. Instant control 
of a test run will be simplified by a 
\aricty of grapliic presentations of the 
data. 

►■I)7ncal Tests— The special instrunicn- 
intion whicli gathers data during test 
runs is largely optical. Devclopnicut of 
this equipment is one of tlie functions 
of tlic Photo-optics Branch of the l.ab- 
onitory. 

“On a hpical level bomb run," said 
.\iidtcw C. Cobb, Chief of the brancli, 
've use photo-tlieodolite tracking for 
position of tlic aircraft. Inside the plane 
tliere is a camera fixed to the gimbals 
of the bombing system being tested. 
•As the plane comes in for the run, 
pictures arc taken of tlic plinfogtam- 
mctric range to determine the attitude 
of the plane. The pattern of the bomb 
drop we can get In seismic iiistnunen- 
lation or by pliotograplis-." 

Cobb expiained that a Ispical dive- 
bombing run required clearing out a 
line wliicli niiglit extend for vD.Ofin yd. 
as an upper limit. At the target center is 
a camera array, and along the fliglit line 
is a series of cameras placed so that 
tlicir line of sight is about at 90 de- 
grees to tlie plane's line of flight path. 
No bombs arc dropped in such a test. 

"Data reduction from pliotograpli.s 
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takes weeks," Cobb said- 
► Camera Methods— Pictures of dive 
and les’ci bombing runs used to be 
taken witli four K-24 aerial cameras 
mounted in tandem. But flight speeds 
got too high for the 10-frame-per-second 
speed of tlic K-24 and the center has 
switched to 35-mm. I'light Rescatcli 
synchronous cameras which will handle 
up to 40 frames per second. 

nic lab has under des’elopnieiit b\’o 
cameras that can be operated bv a re- 
mote radio link, and will use these in 
bombing tests as soon as thev are 
available. 


Aircraft attitude, obtained from pic- 
tures of known patterns on the photo- 
grammetric range, is found after a 
scAcn-hour computation per picture to 
dctcnninc angles and distance. 

a result of this tedious analytical 
method, the lab has gone to a vertical 
photogrammetric rectifier, which is a 
mechanical-optical projector. The pro- 
jector can be rotated until the picture 
corresponds with a master plan of the 
ground pattern; then the angle of the 
sightline can be read directly. 

Current estimates make the process- 
ing time per picture onlv 30 to 40 
niinutcs instead of seven hours. 

►Vision Aids— As might be expected, 
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weather and altitude combine to make 
tracking of dive-bomb runs quite diffi- 
cult. Even though the plane starts 
down a 10-dcg. conical corridor, that’s 
a lot of sky at 40,000 ft. 

Tlie lab has under study the feasibil- 
ity of using a visible light or infrared 
seeker to locate the aircraft so that the 
cameras can be zeroed in. It would also 
aid the phototheodoUtes and eliminate 
some of the effects of haze on that 
equipment. 

New Contraves cine-phototlieodol- 
ites, ordered two years from the 
Swiss subsidiary of Oerlikon, arc now 
being delivered to -AFAC. These will 
be set up on the range for pattern and 
skip-bombing. Automatic computation 
circuits will give corrected true azimuth 
angles and corrected angles of elevation 
and azimuth. Aneillarv equipment for 
reading the Contraves film record is 
under development by a contractor in 
the United States. 

► In-Shop Development— Cobb said 
that the collimation device was an 
example of the in-shop capability of 
the Ia"b. A collimator gives parallel light 
beams with a reticle superimposed, and 
is used for pros'iding a fixed reference 
for photographic data methods. 

lie cited the ease of fixed-gunnery 
camera data where the camera moves 
because of the impact loads during 
firing. But the collimator provides a 
fixed set of crosshairs unaffected by 
camera jump and permits much easier 
assessment of the armament system. 

These are some of the ground instru- 
ments developed bv the Photo-Optics 
Branch. But evaluating air-to-air weap- 
ons is an entirely different problem. 
Tliere the problem is to measure, 
from one moving object, the path of a 
second moving object fired from a third 
moving object possibly at a fourth mov- 
ing object. 

► Targets and Misses— Back in the ear- 
lier days, a pilot went up, fired at a 
sleeve target and and came down to 
count the holes. This was a fine system 
for his pair of ,30-caI. machine guns; 
it leaves something to be desired now 
that he shoots projectiles that can 
destroy the entire target with a single 

Hie technicians at AFAC figured 
that one good way to evaluate airborne 
systems and not clobljer too many ex- 
]>cnsive targets would be offset the sight 
by a known amount and then shoot. If 
you could record the misses and com- 
pare them with what they should have 
been due to the offset, you could get a 
reading on the sight system effectiveness. 

This is done with one or more of 
several devices known as Firing Error 
Indicators. Carried aloft in tow targets, 
these FEIs work by electronic or acous- 
tical means to collect or transmit data 
on the projectiles that miss the target. 
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New svstcin^ n iHi tlie nbilih to mamitc 
a 50-ft. miss by a ,S0-<al. In.JIct will be 
coming along shoitlv. 

►Red Birds-'l'licte li,is been one prob- 
Icin in the use of toned targets for 
firing tests: The targets often disinte- 
grate before tires are shot at. Tliis nas 
discouraging, and so the Electro 
mechanical Branch of the lab sus asked 
to look into the situation. 

The Center had been using the A-1 
target, a Vee-tailed niidwing mono- 
plane ssith a \'cc-.sliapcd toning arm. 
These could he towed at Mach 0.6 
abose 50,000 ft. only on rare occasions; 
more often, tbes' came ajwrt. A modifi- 
cation program |)rodiiccd no great im- 
provement. 

The basic faults were instabilities re- 
sulting in oscillations. After a scries of 
tests to isolate some of these and to 
observe fhenr, the engineers in the EM 
Branch developed a mocknp of a re- 
design which they tlioiight would do 
the required fob. 

MTat they did was to take the stand- 
anl target, and sweep its wings back at 
a 45-deg, angle, b>- cutting oirt a wedge 
at tire trailing edge and making a fairing 
for the leading edge. Then tliev chop- 
ped off one of the Vce-tails and rotated 
the other on the fuselage to a vertical 
position. Tlic result was tire Red Bird, 
a trim inrrdern-Ioofcing tow target. 

After three flight tests, the Branch 
got the gn-ahead to produce a fesv ex- 
perimental versions. The targets have 
performed up to the limits of Mach 
0.82 and 42,000 ft., imprrsed bv the 
particular fvpe of Republic F-84 Tliun- 
derfet used for tnw planes. 

A productioir contract for the new 
Red Bird has been let to East Coast 
.\eroiraiitics. 

►Instnmicirt Mcit-'Ilic technicians 
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Look at these 
new opportunities 
in jet engineering 
at Westinghouse 




5. Security 


you CAN 66 5URE...IF iT^ 

TV^stinghouse 



Now turn the poge for an example 
of Westinghouse aviation leadership 


► 





Larger wind tunnels 
for full-scale testing 
of supersonic craft 


The largest rotating system in the world is now being built by Westing- 
house for installation in the United Stales Air Force, Arnold Engineer- 
ing Development Center’s Propulsion Wind Tunnel at Tullahoma, 
Tennessee. This giant wind tunnel will accelerate the full-scule testing 
of turbo- and ram-jet aircraft engines as well as components of planes 
and missiles, in the 2000-mph range . . . well into the supersonic speeds 
of tomorrow’s air age. 

Westinghouse applied a new concept in wind tunnel engineering 
by designing a single axial flow compressor to feed both the tran.sonic 
and supersonic tunnels from a single drive shaft. Most powerful of its 
kind ever built, it uses four motors in tandem — delivering over 200,000 
hp to drive five giant compressors whose full output is translated into 
wind speed. This single-unit system is an imposing spectacle of man- 
made machinery, barely suggested by its over-all length of 575 feet 
and 7000 tons of weight! 

Thus, Westinghouse creative engineering and productive skill are 
assisting the U. S. Air Force in providing a facility which will simulate 
flight under a wide range of transonic and supersonic conditions, 
greatly expanding the horizons of aircraft and missile development. 
And the experience and ability devoted to such an installation demon- 
strate once again the unique capabilities in the wind tunnel field . . . 
all paving the way for new research beyond today’s barriers, basic to 
continued military and commercial air leadership. Proving, above all 
else, that you should look to Westinghouse when you have a problem 
in aviation. Westinghouse Electric Corporation, P. O. Box S6S, Pitts- 
burgh 30, Pennsylvania. j^uoos 



you CAN BE SURE... IP iT^ 

Westinghouse 




Standard-Thomson 

^cutomeJnic 


VENT VALVES 



Oil tonk vont valvt y'' 



for safe/ accurate pressurizing 


For dependable control of crankcase and oil tank pressures at 
all altitudes, Standard-Thomson vent valves are the approved 
answer. By means of a spring-loaded, aneroid type bellows sus- 
pended in the valve body, these valves accurately vent pressure 
through a given altitude range . . . and maintain pressure con- 
stantly above that range. A relief valve provides automatic pop- 
off for emergency pressures. End fittings and calibrations can 
be varied for a wide range of applications. For full details and 
specifications, write; 


SUNOARD-TKOMSON CORPORATION - DAYTON 2. OHIO 


Standard-Thomson 


Makers of USAF-approved bellows • valves • liehts 



Shgt-off Tech. Forge Cockpit Vaporproof 


■ EGLIN 

ti-lio install, opcrali; and maintain flic 
nmgc iiiiei aircnift in'.trmiiciitation used 
at arc in the biaiidits of the 

Tcclinical Support ITircctoratc licadcd 
by Maj. Louis Scliaffcr. 

DircetK responsible to flic command- 
ing general, Maf- Sciiaffct has under 
bis jurisdiction the iiistriinicntation. 
data prograniiug and technical services. 

Scliaffer said that the instruments 
that have to be installed are often 
bulkier than the inst.illation to be 
tested, and more numerous than those 
needed to determine aircraft per 
forroance. While he talked, he pointed 
out on two charts nf tvpical installations 
in 3 Xortb .kiticrican F-Sd, the kinds 
of specialized instnimcnts. 

“One of the things that worries an 
arniament man is gun gas", said Schaf- 
fer. "You can ruin an airplane with a 
single explosion of accumulated gases 
So we have to sample tlic gasc.s in the 
gun bay of a fighter during the firing 
tests. To do that, we need these 
sampling bottles and collector tubes. 

".Another item is the camera installa- 
tion in the modified drop tanks and 
inside the duct. Tlie}'’rc there to photo- 
graph flames,” he said. 

"^Vhen you have a gun layout like 
the Sabre, with muzzles clo.se to the 
air inlets, you have flames playing 
around where the air is supposed to eo 
in. The designers want to know if 
j the flames enter the intake, 
j Project Officers— Tile men who head 
I the investigating teams during tests are 
■ project officers from the Test Operation 
I Directorate under Lt. Col. Clifford ]. 
Kronauer. 

They get their test directives through 
Col. Bechtel’s office, and the project 
engineer sets up the test plan. Where 
the officer is a pilot, he is encouraged 
to fly the missions himself. 

Wlicn tlie data comes back, the proj- 
ect officer lias it analysed, writes the 
report, draws conclusions and makes 
recommendations. 

In contractor-support tests, tlie proj- 
ect officer is merelv a liaison man. His 
job is to see that the support given is 
sufficient. 

Kronauer’s organization is a func- 
tional one, broken into five branches: 
Fire control, bombing, weapons and 
missiles, biological warfare-chemical 
I warfare, and aero-ballistics. The last 
' group has yet to be activated. 

In addition, there is an Ofiicc of 
Analysis and Reports set up as a pool 
of consultants for extremely difficult 
problems. Now composed of four 
people, and aiming toward a total of 
10, this group can supply men with a 
large amount of formal training in 
mathematics and phvsics plus a great 
deal of test experience. 
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fwy fighter, every 


equipped! 


every transport is 


Another outstanUpg' "''s 
development troiti HlDIIO-lllllE ) 

^^RESEARCH t 

thettY-\’fnel hbesiejjum'p! 

The elimination of inherent vapor-stali characteristics 
has long been an objective of Fuel Booster Pump 
Engineering. As a result of years of research 
and testing by Hydro-Aire an entirely now principle 
was applied which resulted in vapor being 
forced into the fluid rather than tlie vapor 
being separated from the fluid. Here was the 
answer to the problem. The result— Hydro-Aire’s 
Fuel Booster Pump which today 
is delivering unequaled operating efficiency even 
when subjected to ultra-high altitude operations. 
Proof again that at Hydro-Aire, there are few 
projects loo large... no project too small. 

Whatever your problem— complicated as a Fuel 
Booster Pump or simple as a Check 
Valve— call your Hydro-Aire Field Engineer. 
■=VaporJi(]uld ratio 
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Cambridge’s Bailiwick: Earth, Sky, Sea 

AFCKC’s three <lireclorales study geophysics, atomic warfare, 
electronics; research center also administers Project Lincoln, 


Boston, Mass.— One of tlic big fac- 
tors contributing to progress in general 
scientific rcsearcli is tlie Air I’Orce Cam- 
bridge Researtli Center (AFCRC), 
Cambridge. Mass.— one of tlie nine ma- 
jor centers of tlie .Air Rescarcli and 
Development Command (ARDCj. 

AFCRC’s mission is to accomplisli 
rcsearcli, development and tests in three 
vital fields, each the responsibility of a 
directorate: 

• Geophysics. Tliis activity cncom. 
passes work in terrestrial sciences, upper 
air research, atmosplieric devices, atmos- 
pheric physics, atmospheric analysis, 
and ionospheric considerations. 

• Atomic warfare. Tliis work encom- 
passes factors of radiobiology, radio- 
chemistry and nuclear physics. Included 
in this activity is a field experimental 
branch and a physical instrumentation 
laboratory. 

• Electronics. Included in this activity 
is the study of communications, RF 
components, antennas, propagation fac- 
tors. and computers. Work of this di- 
rectorate is described elsewhere in this 

► Other Groups— In addition to these 
three research divisions. AFCRC is 
charged with the administration of Proj- 
ect Lincoln (an air defense study), and 
its necessary air support, including that 
required for systenis-wide testing. This 
project is centered at Lincoln Labora- 
tory. operated by Massachusetts Insti- 
tute of Technologv (MfT), under con- 
tract with the Ait Force. 

AFCRC also has established the 
6520th Test Support Wing at Ilan- 
scom .AFB, Bedford, \fass-. with two 
flight squadrons and an aircraft control 
and warning squadron to proi’idc spe- 
cialized support to Project Lincoln and 
the three research directorates. F.s'en- 
tually. all AFCRC activities will be 
centered at Bedford. 

History 

AA'hcn it became apparent, after 
W'otld \Var II. that the Office of 
Scientific Research and Development 
(OSRD) would not continue to operate 
its contracts on a civilian basis at 
Cambridge, the military felt that some 
of these projects should be carried on. 


fwo of the activities doing elec- 
tronics research for the (then) Army 
Ait Force under OSRD were MIT’s 
Radiation Laboratory and Harvard's 
Radio Research Laboratory. Military 
personnel started interviewing people 
in these organizations in .August 1945. 
The staffs of these laboratories included 
some of the country's most capable 
men in their specialized fields. 

► First Station-In September 1945, the 
Air Technical Service Command (now 
Air Materiel Command) established 
the Cambridge Field Station under the 
supervision of Watson Laboratories, 
Red Bank, N. f. 

In April 1946, a research division 
(radio physics) was established at the 
station. In October 1946, J. A\'. Mar- 
chetti. who previously was the com- 
manding officer at the station, was des- 
ignated acting chief of the Research 
Division. 

Geophysical research was transferred 
from W.itson Laboratories to the sta- 
tion in Nos'cmber 1948. Initially, head- 
quarters for this new addition were set 
up at Watertown, Mass., but were later 
removed to Summer St., Boston. (Ad- 
ditional geophysics facilities are located 
in Roxburv. Mass, and Boston.) 

► Name Change-In July 1949, the 
name of the station was changed to tlie 
•Air Force Cambridge Research Labora- 
tories. In June 1951, it became the 
.Air Force Cambridge Research Center 


under the eonunand of ARDC. 

In .August 1951, Maj. Gen. J, F. 
Phillips took coniinand of AFCRC, 
'vith \larchetti as his technical deputy 
(top civilian). Dr. Edwin C. Schneider 
Ix'caine director of electronics research, 
and Dr. H. E. Landsberg was made 
director of geophysics research. 

Appointment of these civilians to 
chief posts meant that tlie center was 
fundamentally established as a scientific 
organization, as distinguished from a 
purely military setup. Tliesc civilians 
still hold their top positions. Hie com- 
manding officer now is Maj. Gen. R. C. 
Maude. 

► Atomic Division— The Atomic War- 
fare Division was set up in October 
1951 under Col. J. C. Jack, at Hanscom 
AFB. He still heads this activity. 

Early in 1951. the Command started 
planning for the construction of perma- 
nent laboratory buildings for all three 
directorates, plus an airbase facility, at 
Hanscom Field, Bedford, Mass. Early 
last year, the premises were leased from 
the state. 

Meanwhile, the 6520tli .Air Base 
Group was established at the field, "niis 
organization became the 6520th Test 
Support Wing in the spring of 1952, 
for the function of providing flight 
tests and other support for AFCRC and 
also for Project Lincoln. 

W'ork in the Atomic Warfare Direc- 
torate so far has been concerned largely 


Mnj. Cen. Ravnimid Coleman Msiidc. 
commander, Cambridge Research Ceii- 

Framingham, Mass., 1902 . , . gradu- 
ated U. S. Military Academy and com- 
missioned in Signal Corps 1926 . . . 
served with signal troops attached to 
infantry and ca^'alty unit ... got into 
aircraft warning work 1940 ... in 
1941 was chief of the Signal Corps air- 

tions officer 9th Bomber Command 
and 29th Tactical .Air Command in 
Europe, AVorld AA’at II . , . asst. dir. 
of requiteinenls for depul)' US.M'’ chief 
of staff for development . . . com- 
manded 1009th Special AA'capons 
Squadron . , . director of conimtmica- 
lions in the office of deputy US.AF chief 
of staff for operations . . . took com- 
nrand of Cambridge March 1955, 
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'vitli piaiiniiig and organization phases. 
Only a small part of tlic manpower now 
alloted to this function lias been spe- 
cifically authorized for it-tlie bulk of 
llic authotizafion has been withdrawn 
lioin the other research directorates. 

► Project Lincoln-W'ork being done in 
Project Lincoln— basically a research and 
dcvelopincnt prograni-is a broad study 
of ait defense designed to improve the 
capabilities of the Air h'orce. Army and 
Navy in parrying an atomic air attack 
on the U. S- "Ilie investigation is slanted 
to permit these three branches to ac- 
complish a better air defense. The work 
ciicom^es a mulh'tude of activities 
and is in no way limited in scope. 

NflT's effort at Lincoln Lab is con- 
ducted on a tripartite arrangement, with 
the Army, Navy and the Air Force con- 
tributing in the furtherance of the Lab's 
objectives. The conttact for Project 
Lincoln is between the Air Force and 

'Ihe Project actually is not a part of 
the AFCRC organization, which is 
charged only with rendering to it 
administrative and logistical support. 
Nevertheless, its impact on the admin- 
istrative and su))port (manpower, facili- 
ties, aircraft, and other services) pro- 
grams of the Center is at least the 
c-qiiii’alcnt of the impact of the three 
component research directorates com- 
bined. 

Almost all of the support manpower 
■luthorization of the Center in the past 
21 months has been furnished spe- 
cifically because of Project Lincoln. Ad- 
ditional manpower will have to be fur- 
nished before the full requirements in 
support of Project Lincoln arc satisfied. 

Activities of the Electronics Direc- 
torate are coveted elsewhere in this 
issue. 


Geophysics Research 

Some of the highlights of activities 
in the Gt^hysics Directorate, covering 
the functions, projects and aims of this 
activitj', are related here. 

Basically, the geophysics activity 
functions to study the medium in which 
any kind of aircraft— manned or un- 
manned-will operate. Onlv about onc- 
third of the work done by the Geophys- 
ics Directorate is handled by its own 
personnel- Two-thirds of the organiza- 
tion’s annual expenditures are funnelcd 
into private organizations for study. 

About 93% of GRD’s efforfs is di- 
rected in studying the atmosphere from 
the ground up to such heights that can 
be reached directly or indirectly. Tire 
other 7% of the studies is concerned 
with special projects. On these, GRD is 
just picking up the ball because there 
i.s some specific AF interest in these 
phases, which basically are being con- 
ducted by otlier defense agencies. 



Shafer's, Ihe world's only aircraft bearings with ConCoVex 
design, have paced aviation's every exacting need through- 
out the evolution of “aeroplanes" to “aireroft.” 

Ekisically unchanged in principle since their original 
introduction in 1919, today's Shafer CenCoVex bearings 
embody every advonced design, quality and perform- 
ance characteristic yet anticipated by the modern oir age 
—fitting proof that Shafer's are the “years-ahead" bearings 
you can specify with utmost confidence . . . for every type 
of airborne croft you build today or tomorrow. Single row, 
double row and rod end types... In all standard sizes... for 
all vital control applications. Write for descriptive literature. 

SHAFER BEARING CORPORATION 

801 Burlington Street 
I Downers Grove, 

I Illinois 
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"Blue>Point Supreme” 


Open End 
WRENCHES 


For jobs like this— or where nuts are set in recesses 
too narrow for other types of wrenches — Snap-oo 
open end wrenches are the strongest, safest made. 
Every detail of design— the tough alloy steel — pre- 
cision machining — heat treatment and finishing — 
are highest quality. In the hands of your workers 
Snap-on wrenches will contribute greater efficiency 
to assembly and maintenance operations. 


'ii/xite Snap-on Industrial Catalog and General 
service to industry everywhere through factory brar 

SNAP-ON TOOLS CORPORATION 
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► Broad Scope— 'riie scope of GRD’s 
work is extensive. Each year higher al- 
titudes ate reached in flights of all types 
of vehicles. \Vith each new height 
reached, new phenoraena appear. 

Ill low-level flight, the most impor- 
tant problems include fog, tliundet- 
storms, rain and icing. 

In the 30,000 to 100,000-ft. altitude 
langc— the region of today's and to- 
morrow's jet flights— turbulence and 
higli winds ate iinportaut considera- 
tions. 

Abot c 100,000 ft., atmospheric com- 
position becomes important. Here, 
problems stem fiom the existence of 
ozone and other gases, solar radiation, 
aircraft skin temperature considerations, 
irregular-ionozation difficulties which 
put limitations on radio wave propaga- 
tion, and other suspected factors which 
could affect flights. 

► Looking Up— To ferret out some of 
the answers, the searchlight technique 
is used for scanning atmospheric densi- 
ties up to about 50 mi. Above tliis alti- 
tude observations are made of meteorite 
trails— bringing the observation up to 
about 90-100 mi. Both of these are in- 
direct methods. 

For direct observations, about every 
three weeks an instrumented sounding 
rocket (Aerobee) is pushed up to about 
70-80 mi. Results are used to calibrate 
indirect methods. 

Data obtained ate digested and fore- 
casts are made for requirements which 
may exist now or in the foreseeable 

► Publications— To insure that research 
results get the widest possible dissemi- 
nation— first, among Air Force compo- 
nents and the other branches of the 
Armed Services to whom such informa- 
tion is pertinent, and then to scientists 
of other government agencies, universi- 
ties and research institutions-GRD is- 
sues or sponsors a number of publica- 

A single type of publication could 
not answer the many requirements for 
which the research results of the labora- 
tories and the nearly 150 university 
contracts are intend^. Accordingly, 
GRD tailors these reports to fit the 
needs of the Air Force in the field, the 
design and instrumentation people, or 
the laboratory scientists who desire cer- 
tain data on which to base further 
research. 

Atmospheric Physics 

Tlie Atmospheric Physics Laboratory 
is headed by Peter H. Wyckoff. Tlie 
function of this activity' is to study the 
composition and physical structure of 
tlie earth's atmosphere- This is done by 
measiitcmeiUs on the ground, in air- 
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craft, in balloons and in rockets. The 
field of work is broken down into five 

► Cloud Physics— In this activity, inter- 
est is in the phvsics behind the forma- 
tion of clouds, how they grow, how rain 
forms and falls, and the general theory 
behind cloud seeding, for the opening 
of holes in cloud decks for visibility. 
Anotlier consideration of this laboratory 
is the suppression of ice fogs in the 
Arctic, as well as ordinary water fogs. 

These atmospheric physics studies are 
attacked in two ways. 

• First, in the laboratory, where certain 
fundamental experiments are conducted 
to find out how water droplets form 
from nuclei (dust, sea salt, sulphuric 
acid droplets in industrial areas) in the 
atmosphere. 

• Secondly, in the field, where the basic 
information is taken for correlation. An 
aircraft is flown into the clouds, and 
measurements are made of all cloud 
parameters— droplet size, liquid content, 
temperature structure, and the number 
of nuclei in tlic air mass surrounding 
the cloud- This procedure is a check 
on tlie theoretical understanding of the 
process in the cloud. Certain critical 
experiments, such as actually seeding 
the cloud on a small scale, are con- 
ducted to see if it can be made to be- 
have the same way as in the laboratory. 

In addition to the aircraft studies, 
there is a cloud radar group which in- 
vestigates clouds by means of micro- 
wave radar, Tlie wavelength employed 
is very sensitive to clouds. 

► Visibility— The problem of visibility 
is primarily one of seeing in the atmos- 
phere. from the viewpoint of air-to- 
ground, air-to-air and giound-to-air. 

TTie physical problem of detection 
depends on contrast of the '‘target” 
against the background. For this reason, 
the atmospheric physics lab studies the 
brightness of the sky, illumination of 
the target, and the scattered light be- 
tween observer and target. 

Sky brightness is studied especially 
around the sun. Measurements arc 
made from the ground and from instru- 
ments carried aloft by balloons, some 
of which go to 100,000 ft. 

Illumination of the target is presently 
measured on the ground, especially dur- 
ing twilight and night. The illumina- 
tion at night, when the moon is above 
the horizon, has been studied to deter- 
mine the minimum conditions of target 
detection. 

Scattering of light in the atmosphere 
is due to air molecules and dust par- 
ticles- Tlie theoretical study of the 
scattering of dust particles is only par- 
tially understood. Accordingly, an ex- 
tensive thoretical program is under way. 

Since these dust particles are very 
numerous up to 30,000 ft., the number 
and sizes of the particles are measured 
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. . . fo simplify 

electronic control systems, 

computers and instrumentation. 


Servomechanisms, Inc. "building block" or packaged 
function technique reduces intricate "all in one" 
systems into simple, standard electronic components 
which plug into pre-wired chassis. This advanced , 
design philosophy provides reliability, inter- k 
changeability, and ease of maintenance. M 
The some concept has been opplied to 
, Servomechonisms, Inc. expending 

line of transducers. 
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less 

opening shock 
less 


PIONEER 
Guide Surface 
Personnel 
Parachutes 


less 

side drift 

juniper descends| 
straight down 

landing on his feet I 


Once again, Pioneer Parachute Cempan/c 
manufacturing facilities, as well as its de- 
velopment and engineering experience, work 
for the advancement of the aviation industry. 
The Pioneer P7-B* and P9-B* Guide Surface 
Personnel Parachute now makes more cer- 
tain the saving of lives during emergencies 
at higher aireroft speeds — and safer than 
ever before in the history of aviation. 

The Guide Surface Personnel Parachute is 
now standard equipment of the U. S. Air 
Forces and is ovailable, through the Pioneer 
Parachute Company, to other governments 
and commercial flyers. 


PIONEER PARACHUTE CO. INC. 
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iroiii aircraft, 'llic tcclinicjue employed 
uses svliat is known as nn inipactor. 
I Ins is a filni strip coated with an oily 
substance over sshich a measured s’ol- 
iimc of air is directed during flight. The 
dust particles stick to the film and tlic 
size and number are examined under a 
microscope. From the experimental re- 
sults, the amount of scattered light can 
be computed, using theoretical data as 
a b.isc refctence. 

The practical importance of the scat- 
tered light study is the determination 
of the effect of reduced visual range in 
dusty atmosplicre as compared to a 
dust-free atmosphere. 

As part of the visibility program, e.v- 
periments have been carried out with 
a searchlight technique to measure at- 
mosplieric density and temperature up 
to 290.000 ft. altitude. !n this work, 
a seatcliliglit beam is modulated bs' a 
rotating, venctian-blind-ts pe shutter. 

At a distance of about 10 mi, from 
this first scarchliglit. a second light is 
installed, in wliicli the light source lias 
been replaeed by a pboto-scnsitiic re- 
ceiver. Tliis second searchlight scans 
the beam of the first searchlight and 
measures the light scattered bv the 
original beam. The scattering is propor- 
tional to the atmosplieric densitv. The 
modulation is used to reduce the noise 
Ici el caused by light sources of the sur- 
rounding area, as well as the permanent 
emission of light occurring in the higher 
layers of the atmosphere. 

From the density data obtained, the 
temperature profile in t''c atmosphere 
c.in be coiiiRutcd. Tlius, it has been 
detenuined bv these cxocriments that 
the temperature is about — fiOC at 40,- 
non ft. ,\t about 160 OfK) ft., the tem- 
perature has been detennined to be 
10-20C. 

► Ahnos|)hcric Coiiiposition-On the 
earth’s surface and up to about 60 km. 
(374 mi.), the composition of the at- 
mosphere is pretty much constant with 
respect to percentage of gases, cxcqit 
for I'.iriation in pressure and tempem- 
ture conditions. .Mios'c the 17l-mi.- 
altitudc, changes in composition occur. 

One reason is because of diffusise 
separation, where the lighter gases rise 
and the hcai’ier gases settle (Signal 
Corp.s project). 

Another rc.ison i.s the effect of ultra- 
violet rays on the gases in the higher 
upper atmosphere above 374 mi. (This 
condition is the basis for a large portion 
of GRD’s composition work.) 

The ultra-violet ravs from the sun 
produce chemical changes in the gases 
nf the upper air and cause formation of 
new compounds which do not exist in 
anv appreciable quantih’ at ground 
Ici’el, Some of these gases are ozone, 
nitric and nitrous oxide. They shield 
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the lower atmosphere from anr ultra- 
violet wave lengths siiorter than 2,900 
Angstrom units. 

Tire effect of the ultra-\io!et rays on 
the gases is resolved both in the labora- 
tory and by means of rockets- 

• In the rocket study, the Aerobec is 
the primary missile used. 

• In the laboratory, mixtures of atmos- 
pheric gases are made at the pressures 
comparable to that which would nor- 
mally be found abose 57i mi. These 
gas samples are exposed to ultra-violet 
radiation in the region from 1,000 to 


2,000 Angstroms. 'Hiis is done in a 
partial vacuum to duplicate upper at- 
mospheric conditions. After ultra-violet 
radiation exposure, the gases are ana- 
lyzed and the new products formed are 
determined- 

Knowing tlic intensity and wave 
length of the ultra-violet in the high 
upper atmosphere, the concentrations 
of the products which should exist at 
about ?7i mi. can then be predicted. 
(The reason for lack of conclusive ex- 
istence is that rocket time at altitude 
is very short and conclusive data is very 
difficult to obtain.) 

This study of composition change is 


important because it determines tlie 
temperature structure of tlie upper air 
and will base considerable bearing on 
"future” bigh-altitude flight of manned 
aircraft, since some of these gases ate 
corrosive to aircraft materials, could be 
harmful to breathing by humans (under 
conditions fot possible conservation of 
oxygen carried), and could affect engine 
pe^rmance if supercharging methods 

To determine the amount of ultra- 
violet present in the high upper atmos- 
plicte, rockets with small spectrograplis 
ate flown to altitudes of 37i mi. or 
higher and spectral distribution of these 
radiations arc obtained as a function of 
altitude. 

► Atmospheric Electricity— Earth-air 
electric cunents are another phase of 
work in the atmospheric physics labora- 
tory. The earth and the ionosphere 
surrounding it may be considered elec- 
trically as a huge spherical condenser. 
There is a constant flow of approxi- 
matelv 1,800 amp. between tbe iono- 
sphere and the earth. Tiiis current flows 
through the atmosphere and is carried 
b\' ions which exist in the atmosphere 
due to cosmic radiation and natural 
radioactive materials. 

Tire source of this charging current 
is bclier’ed to be the thunderstorm, of 
which there are scs’eral hundred in ex- 
istence throughout the world at any 
moment. 

Laboratory ])ersonnel ate studying tlie 
distribution of these air-earth currents 
and are attempting to explain how they 
arise and how they distribute them- 
selves throughout the earth’s surface. 

Here again, this work is done in the 
l.iboratorv and in the field. 

• In the laboratory, distribution of ions 
present at the earth’s surface is studied, 
and how the ions behave under the in- 
fluence of the earth’s electrostatic field. 
'ITirough this approach, familiarity is 
gained with the size range of the ions 
and the charges they cany. Cosmic ray 
intensities are conelated with the gen- 
eration of tliese ions in the atmosphere; 
from this stems tlie prediction of the 
number of ions that will be present at 
anv particular altitude and latitude. 

• in the field (6520th Test Support 
Wing), there ate a number of aircraft 
instrumented for measuring the con- 
ductis itv of the atmosphere, the earth’s 
electrostatic field gradient and the in- 
tensity of the air-earth current at all 
aircraft altitudes. Conductivity and 
field strength equipment is also sent 
aloft in large plastic balloons up to 100.- 
000 ft. 

’Tliis work has been important to 
the meteorologist because it has estab- 
lished an extremely sensitive method 
that may be used for detecting turbu- 
lence and mixing. 

It has been learned, for example, that 
the boundary layer of atmo.sphere near 
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ransistor_ 


mighty mite of electronics 


Increasingly you hoar of a new elec- 
tronic device — the transistor. Be- 
cause of growing interest, RCA— a 
pioneer in transistor development 
for practical use in elecbonics— an- 
swers some basic questions: 

Q: W/inl is a Iranst.sior.* 

A: The transistor ooii.sists of a particle 
of the metal geminnium imbedded in 
a plastic shell about the size of a kernel 
of com. It controls electrons in solids in 
mucli the same way tliat the electron 
tube handles electrons in a vacuum. 
But transistors are not interchangetible 
with tulles in the sense that a tube can 
])c removed from a radio or television 
set and a transistor stibstituted. New 
circuits as well as new components are 

Q; Wlial is germanium? 

A: Cerm;uiium is a metal midway be- 
tween gold and platinum in cost, but 
a penny or two will buy the amount 
needed for one transistor. Germanium 
LS one of the basic elements found in 
coal and certain ores. When painstak- 
ingly prepared, it has unusual electrical 
charactcristrcs which enable a trans- 


istor to detect, amplify and oscillate as 
does an electron tube. 

Q: What are the advantages of Iran- 
sislors in electronic instruments? 
A: They have no heated filament, re- 
quire nowarm-up.and u.se little power. 
Tliey are rugged sliock-resistant and 
unaffected by dampness. ’Tliey have 
long life. Tliese qualities offer great 
opportunities for the miniaturization, 
simplification, and refinement of many 
types of electronic equipment. 

Q: Wkal is the present status of iron- 

A: There are a number of types, most 
still in development. RCA has demon- 
strated to 200 electronics firms— plus 
Armed Forc'cs representatives — how 
transistors could be used in many dif- 
ferent applications. 

Q: How widely will the transistor be 
used ill the future? 

A: To indicate the range of future ap- 


plications, RCA scientists have demon- 
strated experimental transistorized am- 
plifiers. phonographs, radio receivers 
(.AM, FM, and automobile), tiny trans- 
mitters, electronic computers and a 
number of television circuits. Because 
of its physical ciiaracteiistics, the trans- 
istors qualify for use in lightweight. 


HCA scientists, research men and engi- 
neers, aided by increased laboratory 
facilities, have intensified their work in 
the field of transistors. The midtiplicifi/ 
of new applicalinns in both military 
and commercial fields is being studied. 
Already the transistor gives evidence 
that it will greatly extend the base of 
the cfcc/roiiics art into many ncui fields 
of science, commerce and indu.stry. 
Such pioneering assures finer perform- 
ance from any product or service trade- 
marked RCA and RC.A Victor. 
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should 


sdontisf 
the new 


Digitol 

■Purpose Computer 


CauLfUitej' RjeAjoiuiiJL. 


1. LOW INITIAL COST-The CRC 102-A is ooe of the lowest 
priced. Urge scale, digital electronic computers now avail- 
able commercially. It may be purchased, rented, or leased 
with an option to buy. Performance guarantees are given es 
part of every lease contract. 

2. FAST AVAILABILITY-Applying production-line tech- 
niques to the construction of the CRC 102-A has resulted 
in the shortest delivery time of any fully electronic, dirt tal, 
general-purpose computer. Production schedules call for 
completion of one CRC 102-A every eight working days. 

3. WIDE CHOICE OF INPUT-OUTPUT DEVICES-DaU in either 
octal or decimal form may be entered into the CRC 102-A 
manually from a typewriter, automatically or seml-auto- 
matically from punched paper tape, and automatically 
from IBM cards or from computer-controlled magnetic- 

The computer will print output data automatically on its 
typewriter in octal, decimal, or alphabetic form, perforate 
paper tape in octal or decimal form for reproducing hard 
copy or for re-entering data into the computer at some later 
time, punch octal or decimal data on IBM cards for use 
with punched card equipment, or record data on magnetic 
tape for later use. 

4. HIGH RELIABILITY- The unique circuit design and rela- 
tively small number of vacuum tubes and other critical 
components in the CRC 102-A result in less down time 
due to machine failure. Complete plug-in circuitry and 
easily odjusted mechanical components speed up preven- 
tive maintenance checks. Each machine undergoes exten- 
sive shakedown tests and is operated under actual customer 
conditions in CRC’s Computing Center before delivery to 
further assure high reliability. 

5. EASY PROGRAMMING -Addition of “pn 


ins greatly simplified program 
d the computer's capabilities. 


imming procedures 


Information isabo available on the CRC 105 
Decinuil Digital Differential Anab/zer and 
the CRC 107 Data Processing Computer. 
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the surface of the earth (eailcd the ex- 
change hi)'Cr) tan be detected with ease 
and accuracy using conductivity 
nicthod.s, and nocinallv is found at an 
altitude of between 4,000-6,000 ft. 

It was formerly believed that high 
mountain peaks extended above this 
exchange layer, but recent conductivity 
tests have shown that this layer is 
warped by the mountains and covers 
tlicm compicteh- 'Hie boundary layer 
govents the energy exchange betwecir 
the ait and the ground and is importaiit 
ill forecasting u cathet at the surface. 

'I'hc atmosplicric eonductisity 
method is also extremely sensitive to 
radioactive contaminants in the at- 
iiiosplicte and is used to trace tire dis- 
tribution of radioactive waste products 
from any ground-based nuclear source. 

Also, as a result of work in atmos- 
pheric electricity, it has been possible 
to develop a method for discharging 
aircraft in flight and reducing this 
charge to essentially zero. The charge 
is led from the aircraft surface to a 
static discharger in the tail. This equip- 
ment is heavy and experimental, but 
indicates possibilities for practical air- 
craft application in .suitable size and 
weight. 

► Roeketsoude Group— The sounding- 
rocket activity is primarily interested in 
the temperature density structure of the 
atmosphere up to rocket altitudes of 
about 85 mi. Measurements are made 
by means of spark gap modulators, 
shock-wave effect on the missile, and 
by alplratron (radioactive) gages. 

' !n addition, nieasureineiits are also 
being made of meteor trails to deter- 
mine the wind structure of tlic high 
upper atniosplicre in regions not ac- 
cessible to rocket fliglit. This is a 
supplementary study continuing where 
rockets leave off. 

Tire rocketsonde group is also in- 
tCTC.stcd in studj ing tlic ionosphere, and 
sends rockets into the lower ionosphere 
to obtain recordings of ion density as 
a function of altitude. This work is 
directly related to design criteria for 
guided missiles, since knowledge of the 
density structure is necessary’ to design 
control surfaces. lonosplieric densities 
are necessary also to determine the pos- 
sibility of radio guidance systems for 
sucii a missile. 

Tliis plrase is all field work— actually 
done at Holloman .\FB. Equipment is 
built at GRD and at various unis ersitics 
and institutions under contract. 

Ionospheric Physics 

Head of the Ionospheric Physics ac- 
tivity is N C. Gerson. Most of the 
laboratory's work is concerned with the 
atmosphere abose 50 km. (about 32 
mi.) and mav extend to 15,000 km. 



The new Bendix-Pacific TOR-6 Oscillator gives improved per- 
formance with resistance type strain gages and variable resistance type 
temperature pickups. The unit operates with unusual stability under 
extreme conditions of environment. 

Unbalance of the resistance bridge provides a voltage which is used to 
change the frequency of the oscillator. The magnitude and direction of 
the frequency change is proportional to the magnitude and phase of the 
bridge output. 

I SPEOFtCATIONS I 
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(about 9,500 mi.)-riglit to tlie end of 
tlic exosphere. 

ITie ionosplietic region is important 
for various reasons. 

• From 50 km. up. there are ionic lasers 
which make possible long-distance radio 
coinmunications. 

• From 50 to 1,000 km. (about 625 mi.) 
tlrere are the aurora! effects. This 
phenomenon is important for radio 
communication work, particularlv in the 
arctic; and secondly hecause of its re- 
lationship to actisity of a geomagnetic 

• A third reason for ionospheric study 


is that the region from SO km. up is 
considered to be the operating medium 
of the '-future" Air Force. 

There is also tlie possibility of extract- 
ing energy from the high atmosphere. 
For example, it might be possible to 
send a missile (air svorro) up into the 
outer teaches and have it extract energy 
from all the charged or dissociated par- 
ticles it encounters, cither for storing 
this energy or to make the missile ascend 

► Radio Factors— One of the studies 
u’liicii the Ionospheric Phssics Labora- 
tory Iras made was done in cooperation 
with radio amateurs over both North 
and South .Ainctica, ineliiding the Carib- 


bean Islands. Tlie hams reported to the 
l.nboratory whenever they encountered 
certain tvpcs of special radio conditions. 
This permited laboratory scientists to 
determine the existence and location 
of an abnormal condition of the iono- 
sphere— known as sporadic E (E,). 

It has been determined that with E. 
occurrence the range of radio com- 
munication can be increased appreci- 
ably— in effect, new channels of radio 
communication are opened up. By the 
movement of these E, areas, the exist- 
ence of winds can be determined near 
the 100-km. (about 60-mi.) les'el and 
up. This helps in the study of the 
global circulation patterns. 

The E. formations affect communica- 
tions in the 20 to 300-mc. band. These 
E, clouds are those with either high 
electron concentration or concentrated 
turbulence, and one of them can cover 
an area half the size of the U. S. They 
occur mainly during the summer 


f W/y" EXECU' 


... FOR LEADING 
EXECUTIVE AIRCRAFT! 



months. 

► .Aurora Effects— The aurora permits 
studv of radio blackouts in the arctic. 
One of the Geophysics Research Direc- 
torate’s jobs is to predict the occurrence 
of the aurora. 

For long-distance coinmunications, 
reflections come from the ionospheric 
F, layer at about 300 km. (about 190 
mi.). The aurora comes down to a level 
of about 60 mi., so that when this 
phenomenon is present, it intercepts 
the radio waves (8-15 me. /sec.) be- 
tween the transmitter and receiver and 
the radio waves are lost through scat- 
tering and absorption. 

However, when a frequency of 50 
rac./sec. (VHF) is used, then the 
auroral screen can be used as a reflect- 
ing screen and it becomes possible to 

communicate with stations which could 
not be contacted before. 

The real benefit of using the auroral 
phenomeon is to wrmit the use of 
lighriveight, long-distance, high-fre- 
quency sets for communication. 

The spectra of the aurora are being 
studied also. This gives an indication 
of the constituents of the high atmos- 
phere. The study is important in 
amassing a general background picture 
of the atmosphere-its extent, and the 
particles and streams coming into it. 
It also aids in the prediction of forma- 
tion and types of aurora. 

Terrestrial Sciences 


of ihe ouistanding performance of the 
Fliie-Tronits MB-?. 

Write on company letterhead for complete product information on the 
MB-3 Marker Beacon Receiver and CA-I Audio Distribution Amplifier 
and name of Flite-Tronics dealer nearest you. 
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BURBANK, CALIFORNIA 


Dr. James Psopj®® heads this GRD 
research phase. This group studies the 
interaction of the atmospliere and the 
earth's aust. ft also investigates the 
earth itself, and the oceans and ice. All 
of this uork is for aircraft support and 
guidance. For a good part of the work, 
reliance is placed on seismology. 

► Sonic T'ools— One project is con- 
cerned with the determination of stra- 
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The next big obstacle to be overcome in the race for ever>faater 
aircraft is aerodynamic healing., .the so-called "Thermal Barrier.” 
The problem is an immediate and pressing one. Experimental 
airplanes already are meeting it and the next line of fighters 
\vill surely encounter it. Cooling will be required for 
more than pilot survival; components of the airplane 
itself will require refrigeration. 

Pioneering in the design of refrigeration systems 
for very fast aircraft, Stratos has already supplied 
such equipment for supersonic research aircraft. 

Stratos research and development engineers 
currently are working on high performance 
systems for tomorrow’s combat aircraft. 

When aircraft fly faster. ..Stratos 
will cool them . 
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tosphcric winds and temperatures by 
sonic mea.surcmcnts. 'I’N’r charges are 
set up on the earth and sound waves 
reflected from tlie temperature inver- 
sion levels in the atmosphere up to 80 
km. (50 mi.) arc noted. By ofiserving 
the travel time and azimuth of the re- 
flected waves, the wind effects at these 
altitudes can be determined, as well as 
the temperatures that cause these re- 
flecting layers. 

Tliis atmospheric acoustics method 
is not as direct as balloon observation, 
blit it eliminates the toting of instru- 
ments to altitude, and tlic technique 
can be perfotmed at any location and at 
all seasons— at times when balloons 
would not be employed. Also, height 
can be reached that cannot be attained 
by balloons- 

Advantages over rocket flight are that 
the latter inetliod is done infrequently 
and is expensive. 

In actual practice a site is chosen 
and rung for about a 200-mi. radius 
from the shot point with a series of 
recording stations. 

The technique was developed at 
GRD, whose 6eld parties participate in 
the work along with personnel from the 
University of Denver and the Univer- 
sity of Alaska, under contract. 

► For Tomorrow— Tills particular re- 
search is not directly applicable to 
everyday flight, but it will fit the future 
flight picture for both planes and 
guided missiles. Primarily the work is 
done to gather data for establishing a 
scientific background of the general 
physics of the atmosphere- how winds 
and temperature vary with the seasons. 

The project has been under way for 
about six years and is just about com- 
plete. It indicates that the atmospheric 
acoustics method is scientifically valid. 
Results have agreed very closely with 
the National Advisory Committee for 
Aeronautics' altitude-temperature curve. 
The work has also verified the assumed 
portion of the NACA data. 

► Pack Ice Study— Another project of 
the laboratory is the investigation of 
arctic pack (^rmanent) ice north of 
.Maska, to determine tliickness, struc- 
ture and breakup characteristics. 

Landings were made with ski- 
equipped aircraft for setting up seis- 
mometers and surface charges to 
determine relationship of salt water ice 
thickness to air<oupled shock wave 
transmission. From the reflected wave 
analysis, ice thickness could be deter- 
mined as well as presence of ice faults 
and ocean depths. 

Data tell whether the ice is sufli- 
ciently strong to support landing aircraft 
and whether it will stay inf.ict or break 
up— important information for estab- 
lishment of a camp, rescue or operating 
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»ir base nnd wcjtliei stjtiuiis. 

To extend tliis type of suncy to ell 
the icc over which Sight could be made, 
the laboiatoiy has developed a radio 
seismometer which can be dropped by 
parachute so that it will telemeter data 
back to the plane when a 100-lb. bomb 
is dropped on the ice in tlic general 
area ot the seismometer. A recorder in 
the aircraft pen-charts the shock wave 
characteristics. Analysis of the data pro- 
vides ice thickness, ice faults and ocean 
depths. 

► 6ther Piojects-Otlier studies of the 
laboratory include investigation of 
microseisms— minute carthquSies on the 
earth's crust caused by atmospheric 
ductuations. 

To aid in landing operations on un- 
improved fields, the iaboratoiy is con- 
ducting soil-bearing studies (traffic- 
abilityj. 

To promote navigation knowledge, 
the laboratory is investigating geomag- 
netic fields. 

Interest is already projected in the 
solar eclipse due in 1954. This should 
provide data for mapping the earth's 
surfaces and promoting navigation and 
guidance. 

h project concerned with a floating 
ice island in the arctic is under study 
to determine feasibility of base estab- 
lishment. This work is described in 
another article in this issue. 

Atmospheric Analysis 

Head of the atmospheric analysis 
actis'ity— a weather forecasting group— 
is C. N. Touart. 

riiis coordinated and directed effort 
for the solution of weather forecast 
problems has never before been avail- 
able on such a scale in the history of 
meteorology. 

"ITie feeling is that the art of fore- 
casting has been leveled off on a plateau 
while knowledge is gathered for a move 
up to a higher plateau of understanding 
weather phenomena. 

► Numerical Prediction— One of the 
present considerations of tire atmos- 
pheric analysis lab is the operational 
testing of the numerical prediction 
technique that is based on the nu- 
merical solution of the fundamental 
laws of motion. These are the laws 
which govern the motion of all material 
bodies. 

The ability of meteorologists to 
modify and specialize these laws so they 
can be applied to the atmosphere has 
only come about in the last 10 years. 
This achievement makes meteorology 
a branch of the physical sciences and 
the laboratory capitalizes on all the 
data generated by the various phases 
of these sciences instead of starting 
from scratch. 


► Balloous Help— t or its iiuuicricai pre- 
diction technique, the labor.itorv uses 
data obtained by balloons released all 
over the country on a routine basis 
by the U. S. Weather Bureau, Air 
Weadier Service and the U. S. Navy. 
These are equipped with radio trans- 
inittcrs and send back reports of tem- 
perature, wind and pressure conditions 
in tlic upper alniosplicrc. These bal- 
loons may range to altitudes between 
10 and 15 mi. 

The data collected are fed to GRD, 
where the computing machines go to 
work and return a forecast for 24 or 36 
hr. in advance. The computer can 
accomplish this because it has been 
instructed to take into account more 
details than the human forecaster can 
concerning the state of tlic atmosphere. 

At present, it is fairly clear that die 
computet can significantly improve on 
the performance of the field torecaster 
in predicting the field of motion in the 
atmosphere. It can forecast unexpected 
developments— birtii of new storms, 
inegular motions, and sudden changes 
of weather. 

► Long-Range Foiecastiiig— The lab- 
oratory aims to extend the time-range 
of weather forecasts. The objective is 
to forecast accurately by from three 
days to one month. 

Long-range forecasting reduces the 
limits of accuracy with which a fore- 
cast is phrased, bodi with respect to 
space and time. It is in a much more 
primitive stage than short-range fore- 
casting, and the problem is “now ac- 
curate is it at tlie moment?” This ques- 
tion is what the development and 
evaluation group at the laboratory is 
trying to answer. 

For the past five yean the lab’s per- 
sonnel have been studying the generi 
circulation of the atmosphere— the gross 
feature of its motion. Forecasting this 
general circulation is die key to the 
long-range forecast, according to many 
meteorologists. 

Atmospheric Devices 

The atmospheric devices activity is 
headed by Lt. Col. Paul Worthman, 

The function ot this group is to de- 
velop balloon systems, including the 
canicr and its instrumentation. TTie 
instrumentation covers bodi ground and 
airborne equipment for recording tem- 
perature, pressure and turbulence up to 

100.000 ft. The laboratory is also 
charged with test-proving of large and 
small instruments which are developed, 
before acceptance by the Air Force for 
production. 

One of the laboratory's big projects, 
known as Moby Dick, uses large plastic 
balloons to carry research instrumenta- 
tion to altitudes between 50,000 and 

100.000 ft. for the investigation of wind 
fields. 
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PHEOLL. 


Cambridge— Complex geophysical 
problems are being resolved here in a 
concentrated research, development and 
test program aimed at simplifying opera- 
tional difficulties of present and future 

This work, being conducted by the 
Air Research and Development Com- 
mand's Air Force Cambridge Research 
Center (AFCRC), Cambridge, Mass., 
is being pushed by the Geophysics Re- 
search Directorate (GRD), one of the 
center’s three research divisions. 

GRD’s overall study embraces both 
laboratory and field investigations. Its 
laboratory phases, together with some 
of the numerous studies under way, arc 
outlined elsewhere in this issue. Some 
examples highlighting the many field 
projects— aimed to unravel threads of 
geophysical phenomena— are related 

Mountain Wave 

GRD’s Atmospheric Analysis Labora- 
tory is conducting a study known as the 
Mountain Wave Project, with field 
work under the direction of Dr. J. P. 
Kuettner. Tlic project contract was 
signed in the fall of 1950, and is still 
continuing. 

’The broad aim of the study is to ex- 
plore airflow over mountains, and its 
implications to aviation. The Sierra 
Nevada mountain range area was se- 
lected for the field experiments, because 
previously glider pilots had used the 
mountain wave in this region to climb 
to over 55,000 ft., which indicated that 
the wave was mote pronounced in tliis 
area than over other mountain locales 
in the U.S. 

In addition to GRD personnel, the 
entire project has involved tlie Univer- 
sity of California personnel under the 
direction of Prof, llolmboe, Meteor- 
ological Department Head; the Naval 
Ordnance Test Station, Inyokem, 
Calif.; the Air Wcatlier ^rvice; U.S. 
Weather Bureau; Southern California 
Snaring Assn.; and nther participants. 

► Basis of Study— Airflnw over a moun- 
tain range forms a system of waves 
downwind of the mountain- It is this 
phenomenon which is the basis of the 
project study. Both gliders and pow- 
ered planes have been used in the srtdy 
to fate advantage of the ascending part 
of the wave to gain altitude. 

In the project, the powered Convair 
BT-IJ has been used for flights close 
to the ground (where glider operation 
would not be feasible) and up to alti- 
tudes of 18,000 ft. Pratt-Read gliders 
used have been taken to considerably 
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higher altitudes, limited only by the 
lack of a pressurized cabin in the sail- 

Field phases have involved deter- 
mination of the magnitude of updrafts 
and downdrafts and their po.sitions with 
respect to the mountain. Pressure dis- 
tiitbanees have also been investigated, 
since these are responsible for altimeter 
errors. Another phase of study is tur- 
bulence phenomena, especially high- 
level turbulence under jetstream condi- 
tions. During trial flights a glider pilot 
has been lifted into a jetstream. 

► Record Set— During the project, a 
world altitude record for gliders was set 
—44,500 ft.— in one of the Pratt-Read 
sailplanes. This flight had to be dis- 
continued at this altitude because there 
was no cabin pressurization, although 
the ait was still rising at 1.000 fpm. 

’The instrumented and calibrated 
gliders have been tracked bv cinetheo- 
dolites, radar and Raydist. Radiosonde 
and meteorological sl^tions were set up 
in the Sierra Nevada and adjacent areas 
to record atmospheric conditions dur- 
ing wave situations. 

A number of accidents have been at- 
tributed to the hazardous conditions 
produced by the mountain wave. From 
the data tliat liave been collected in this 
project there are indications that new 
safety altitudes would appear advisable. 

Excessive turbulence and altimeter 
enor over mountain regions are other 
aspects in which the Air Force is 
interested. The project is expected to 
determine the magnitude of these alti- 
meter errors and give a better under- 
standing of the plicnoinena of high-level 
turbulence. 

Ice Island 

A massive Halting icc island, known 
as T-3, in the Arctic waters, is the scene 
of another special project in which 
GRD's Tenestrial Sciences Laboratorv 
is participating. Huge ice masses such 
as this offer interesting possibilities for 
Air Force use. 

Large ice islands were Erst discovered 
in nortliem waters in 1947 during 
weather reconnaissance flights from the 
Alaskan Air Command. In 1951, T-3 
ice island was located, when it was in a 
position to be occupied for camp pur- 
poses. Its area was 45 sq. mi. 

In March 1952, the first aircraft land- 
ing was made. In the subsequent land- 
ing .1 GRD scientist was put down 
I'll the island and then other,' from 
CRD followed. On this floating 
weatlicr station, the GRD personnel 
svill remain until October of this year. 
Other service representatives on the 


site include weather observers of the 
Alaskan Air Command, representatives 
of the Aero Medical Laboratory, and 
communications personnel. 

► Island Under Study— Studies are being 
made to determine the character of the 
island— why it is there, how it was 
formed, its thickness, structure, and 
breakup and drift characteristics. Al- 
ready. the main cause of movement has 
been found to be the wind, with ocean 
current effect being negligible. 

Plains Turbulence 

An extensive study now being con- 
ducted by GRD’s Atmospheric Analysis 
Laboratory is the Great Plains Turbu- 
lence Field Project. This month, on the 
plains of Nebraska, GRD is making con- 
centrated field observatoins to test cer- 
tain established theories of air turbu- 
lence and heat transfer occuning be- 
tween tlie air and the ground, bettveen 
different atmospheric layers and that 
involved in such processes as evapora- 
tion and condensation. 

These hials climax four vears of diver- 
sified investigations of the diffusive 
processes in the lower atmosphere. 

► Results Expected— It is expected that 
considerable new data will be amassed 
on the portion of the atmosphere 
nearest to the ground, and new theories 
should be developed. About 125 
scientific personnel from 12 universities, 
institutions and military agencies are 
participating in the project phase. 

The results of this field experiment 
primarily will be of military interest, but 
commercial, agricultural and public 
health activities should also benefit. 

During the field trials, some groups 
will make observations of windspeed 
and direction at numerous elevations up 
to about 5,000 ft., with cup-type and 
cylindrical anemometers, photo-theodo- 
lites, and smoke puffs. Fluctuations and 
stress of the wind on the ground and 
at various levels will be measured bv 
other groups. 

► Measuring Temperatures— Tempera- 
ture profiles up to about 10,000 ft. will 
be measured by aircraft observations 
and radiosonde. Fluctuations of tem- 
perature up to 75 ft. will be recorded 
by cable-anchored radiosonde. 

Profiles and fluctuations of moisture 
—one of the most important constit- 
uents of the atmosphere— win be ob- 
served and evaporation rates for hourly 
and daily periods will be measured. 

Quantitative and qualitative diffusion 
measurements will be made to check 
on the rate of spread and dissipation of 
smoke puffs near the ground and at 
heights of 5,000 fy. 




PHEOLi’s ExreNSiva manufacturing 

FACIllTifS provide the airaaft Industry 
with a constant source for alloy steel, 
stainless steel and 7SST Aluminum Alloy 
Hi-Shear Rivets in all types and sises. 


Pvthi lift of Sryfts AvoifeEfo 
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THE UNITED STATES TIME CORP. and 
SANDERS ASSOCIATES, INC. join hands 

to make available for the first time on a 
mass production basis . . . at volume prices — 

WORLD’S MLEST 

SUBMINIATURE PRECISION 

RATE GYROSCOPES 


2 


SUPERIOR PERFORMANCE CHARACTERISTICS 
RELIABILITY ACTUALLY INCREASED 


These gyros, developed and perfected by 
Sanders Associates, are now made available 
in volume through the close-tolerance, mass 
production techniques and facilities U. S. 
Time has acquired in nearly a century of 
precision manufacturing experience. 

U. S. Time is the world’s largest manu- 
facturer of wrist watches and mechanical 
time fuses. Twelve years ago it began manu- 
facturing precision gyroscopes for the 


armed forces. During this period, it has 
produced gyros at the rate of 17,000 per 
month in its ultra-modern, completely air- 
conditioned plant. 

Now— the skills and experience gained in 
attaining this outstanding record in mass 
precision production are being applied to 
the manufactureof Sanders Associates’ Rate 
Gyro— the ultimate in subminiaturization, 
flight proven in production missiles. 


’MSS.,. 


StotciTAiuc Cci|ic>uilicic 





In the 
skj 


Bright new wings on a proud blue uniform — 
another yoimg man has put his faith in the 
sky! Our job is to back him up — give him the 
best we have to offer, then figure ways to give 
him better still. 

OsTUCO. makers of the first “Chrome-Moly” 
for aircraft, has continuously served the air- 
craft industry since its inception . . . and de- 
signers have consistently specified Ostuco 
T ubing for fuel lines, landing gear, engine 


mounts, and other applications. Major rea- 
sons for its industry-wide preference are its 
uniform high quality, strength-without- 
weight, ease of machining, and exactness in 
forming and fabricating. 

Your own requirements will be dependably 
met when you specify Ostuco. Contact your 
nearest Ostuco Sales Office or write us for a 
new informative catalog, ‘‘Ostuco Tubing,” 
and our latest A-2 Handbook. 
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AVIO]\ICS 
IX THE 
AIR FORCE 


-SvIonlCN ban altered (be (ecbnlquen of 
aerfaf warfare during the pamt decade and 
now promlNes lo completely reehnpo (In* 
eharaeler, etimpmeat and taelle* of mililary 
air poirer durinq (be next decade. 

.Is a resuK, ai-lenies— elecfrfcKp and elee- 
tronirm in aviation— ie one of the fa»tenl^ 
qroirinfi negmenlH of the modern aviation In- 
duetry- Firme ivell-eiitabiiehed in aviation far 
deeadex are e.vpandfng to dcrefop neir eapn* 
bilitles and flndins new Insks in avionics. 
Many neir flrmx never before aoxoriated arith 
aviation are becoming an important part of 
the Indantry through their technical caantri* 
butiaaaa to arivnlcs. Although the baiaie expan- 
slon program far the airframe^ engine and 
aecetaxorg manofaclurers for current mlfl- 
targ air pou'er needs Is reaching Ito peak. 
there lx xtlll an acute need for additional 
avIonlcM resonrees, both in research and de- 
velopment and in prodaetlaan faeilllles. .11- 
readg nearly half the total eoet of a modern 
jet bomber can be aeeounted for by itx 
nt'lonles equipment, 

Avionlex noir providex the radar eyex, the 


radio ears, the computer brainx anal the 
xervo xgntem mnsries for individual airrralt 
and missiles. In addition lo expanding anal 
perlerdng Ihese roles, arloolrs Is alxo des- 
tined taa provide the central nert'onx xyxtem 
laa linll lonether the. many eomple.v aerlat 
areaponx xymiemx Into Ihe over-nil snper 
areaponx xyxtem of military air paaver. 

The Aar l’'nrre*s program an avionlex 
handled Ihroaagh Ihe Air ffesearrh and lle- 
t'elaapmenl Coanmand Is Ihe most Impaarlanl 
xingle force hehtnd some ol Ihe major terh- 

avaonlex, 

Iteeauxe of the groavlng importance of 
aa'ioniex and the heg role in Itx Ica'hnaeal 
progress played by the Air ttexeareh anal lie- 
a'4'laapment t'oanmand, AVIATIOA' n'KFh pre- 
sents this speeinf reporta "Avioaicx in Ihe 
Air Force.” Thin report wax wrillen by .IVf.l- 
TfO.V WEKK’S Avionaex F.dllor, Philip Klaxx. 
alter a personal lour of all Ihe major .ter 
Forre at-lonlc researrh and deradopiaient rea- 
rers ond personal lacerrieu-s irllh Ihe leading 
military and eli'illan leehnicianx in this field. 
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Rome Guides AF Avionics Development 

Ground-based avionics is R ADC’s broad assignment; new program 
aims at developing an integrated system for tactical air power 


By I’liilip Kliiss 

Rome, N. Y.— The Air Force lias re- 
cently bundled an important new pro- 
gram to develop an integrated avionic 
weapons system for tactical air power. 
'I'lie system will be specifically designed 
around Tactical Air Command’s as- 
signed mission of local combat area de- 
fense, interdiction, and ground support. 

The responsibility for this significant 
new program lias been assigned to the 
Rome Air Development Center here at 
Griffiss AFB under the command of 
Brig. Gen. Daniel C- Doubleday— AF's 
Cambridge Rcsearcli Center and Wright 
Air Development Center support this 
effort. 

► Centralized Intelligence— The system 
will be designed to provide a TAG field 
commander witli centralized intelli- 
gence and control. Data on enemy dis- 
position will be tunneled automatically 
into this control point from far-flung 
mobile radar stations and processed in 
automatic computers. 

The commander will analyze this di- 
gested intelligence and decide his strat- 
egy and tactics. Aircraft will then be 
directed from this central control point, 
possibly automatically via a radio data 
iink (telemetering). 

► Logical Choice— RADC, with its ex- 
perience in ground and ground-air elec- 
tronics, was a logical choice for this 
TAG control system assignment because 
the system will involve ground-based 
radars, communieah'ons, and auto- 
matic computers, all of which are right 
up RADC’s alley. Also. TAC’s local 
area air defense problem closely resem- 
bles the continental air defense problem 
on ttliich IL\DC lias been working for 
several years. 

A recent top-lc\’el USAF decision 
merged RADC’s air defense activities 
with those of the AF Cambridge Re- 
.scarch Center and Project Lincoln, 
under tlie over-all supervision of Cam- 

Many of the air defense svstem tech- 
niques can be applied to the TAG sys- 
tem although it must be designed to 
provide greater raobilitv for u.sc in for- 
ward combat areas. 

► Airborne vs. Ground-Based- The pre- 
vailing pliilosopliy at RADC is that 
many navigation functions now per- 
formed by airborne equipment should 
be handled bv ground-based avionic 
equipment. Airframe manufacturers, al- 
ways glad to get weight out of flieir 


aiiplancs, are bound to applaud this 
pliilosophy, altliough there is another 
side to tlie argument which will be dis- 
cussed elsewhere in this issue. 

R.\DC says that the necessary tech- 
niques are now available to eliminate 
mo.st of the airborne navigation and 
landing-aid equipment from future 
I'AC aircraft. RADC intends to apply 
this philosophy to the fullest in its ’TAC 
system. 

Rome Responsibility 

Rome's broad assignment in tlie 
ARDC is to develop and/or guide the 
development (by outside contractors) of 
all Ait Force ground-based avionic 
equipment— with several exceptions. 

Thus RADC responsibility includes 
ground-based equipment for navigation, 
communication, direction-finding, mis- 
sile guidance, electronic countermeas- 
ures and airborne IFF (identification, 
friend or foe). 

► Wide Range-RADC’s activities en- 
compass a variety of equipment; from 
huge million-dollar radar stations for 
air defense to tiny UHF radio trans- 
mitter/reccivers which a ground con- 
troller can pack on his back and use 
to direct ground-support aircraft from 
the front lines. 

Last year RADC sponsored $18 mil- 
lion in outside avionic developments. 
During the same period, the Air Mate- 
riel Command purchased over half a 
billion dollars worth of production 


Brig. Gen. Daniel Campbell Double- 
day .. . commander, Rome Air Devel- 
opment Center . . . specialist in elec- 
tronics and atomic weapons . . . bom 
Johnstown, N, Y„ 1905 . . . graduated 
U. S. Military Academy, 1929 . . . 
flew fighter in prewar pursuit squadrons 
. , , was chief of radio and radar section 
ill ,\AF Hq. . . . served overseas as 
deputy communications officer of the 

chief of scientific liaison section in AAF 
Ilq. research and engineering division 
. . . director of R&D division of Armed 
Forces Special Weapons Project 
(atomic) . - - appointed deputy director 
of special weapons development at 
Sandia and later was chief of the de- 
velopment field command there. 


items in the grouiid-bascd avionic field. 

► Exceptions— One partial exception to 
this broad statement of RADC respon- 
sibility is found in certain equipment 
used by two or more branches of the 
military servicc- 

Ilowcver, even here R.AOC is not 
completely relieved of responsibility. 

The Air Force uses standard Signal 
Corps-developed HF gear for fixed 
ground stations, but tlie equipment is 
too heavy and biilkv for some vehicular 
applications sucli as mobile controllers 
mounted in small jeeps. For these 
vchiCTilar uses. R.\DC must ptoi’idc 
suitable equipment. In flic interest of 
standardization, R.ADC adapts small air- 
borne Hh’ equipment developed by 
Wright Air Development Center in 
Dayton for vehicular use. 

► Project Lincoln— .Another exception is 
found in the air defense program where 
overall svstem responsibility has been 
assigned to AFCRC. 

Production engineering of speciabzed 
Equipment developed by Project Lincoln 
will in the future be sponsored by 
AFCRC, although some of it may be 
supported by RADC. 

AF Experiment' 

Griffiss AFB at Rome represents an 
Air Force experiment in centralized 
operation s- 

Approximately two years ago the Air 
Force decided to move its Air Materiel 
Command functions (purchasing, sup- 
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And 


The Dew Alcoa-operated 14,000-ton extrusion 
press will produce larger extrusions, thinner and more intricate than ever 
before. Maximum extrusion size is increased from a 15 -inch to a 23-inch 
circumscribing circle . . . and from 600 to 2.300 pounds per piece! 

Removing residual strains and straightening extruded parts are accom- 
plished with Alcoa’s new 3,000,000-pound stretcher. The machine will 
be fully capable of haodling pieces of metal up to 110 feet in length! 

Complete airframe subassemblies are forged in a single unit on Alcoa’s 
jorging presses that have capacities of up to 1 5,000 tons! 

If you'd like to know more about Alcoa’s facilities, call your local 
Alcoa sales office. They have all the information and will be glad to sit 
down with you and discuss your problems . . . large or small. The 
number is listed under "Aluminum'’ in your telephone directory. Or write: 
AluminumCompanv OF America, 1800-H Alcoa Bldg., Pittsburgh IS>, Pa. 



/VIcoa 
Aluminum 
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ply, and maintenance) fnr ground-based 
avionics from Wright-Patterson AFB, 
Dayton, to Gtiffiss. For a little over a 
year now these AMC activities have 
been centered in the Rome AF Depot 
under the command of Col. M. F. 
Sunnnerfclt. 

►Engineer ’'Midwives"— There were 
many logical reasons for such a move. 
When an equipment h.is gone through 
its development phase, and the Ait 
Force wants to put it in production, 
AMC must lean neavily on ARDC en- 
gineers. These men have lived with the 
project since its inception and thus can 
give .\MC technical guidance in prepar- 
ing equipment specifications. 

Later the ARDC engineers may move 
into the contractor’s factory to act as 
"midwives” until the first units have 
come off the line. 

Still later, the ARDC engineeis serve 
as consultants on major maintenance 
and field usage problems for the service 
life of tlic equipment. 

General Doubleday sums up RADC’s 
responsibilities: “We live with the 
equipment from the ‘cradle to the 

Hist^ory 

Tlic majority of RADC’s technical 
personnel were membeis of Watson 
Laboratories, set up as a Signal Corps 
lab at Ft. Monmouth, N. J., during 
World War II to handle ground-based 
avionics for the thcn-Army Air Force. 

After the war, Watson Labs were 
transferred to the newly formed USAF, 
and in the winter of 1950, this group 
was transferred to Griffiss AFB at 

► Congested Airways— A major purpose 
in relocating the Watson operation was 
to get it away from tlie congestion of 
main airways in order to prevent experi- 
mental radar, communications, and 
flight test aircraft from interfering with 
commercial air traffic. 

Griffiss AFB at Rome, which had 
been built in 1941 as an AF mainte- 
nance depot, met this off-the-way- 
ainvays requirement and was available. 
In 1950, G.\FB was serving primarily 
as a storage facility. 

► Dissension in the Ranks— When the 
mo\’e was first proposed in 1948, several 
groups of employes went to Rome to 
.scout tfic area. When they returned 
tliey repotted that tlie community com- 
pared unfavorably with their existing 
suburban living on the fringe of greater 
New York. 

As a result of these reports, some of 
the employes organized to lobby against 
the move and raised enough opposition 
to block it temporarily. The invasion 
of Korea served to break this roadblock 
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and the move to Rome began in No- 
\cnibor J950 and was completed by 
spring the following year. 

When the chips were down, almost 
”5% of the technical and professional 
employes decided to move to Rome. 
►When in Rome— After two years in 
this medium-size up-state eommunitv, 
conversations with RADC personnel 
give the impression that many now 
would be reluctant to return to Ft. 
Monmouth, Rome is only a few min- 
utes drive from many lakes and the 
Adirondack Mountains. 

A local chapter of the Institute of 


Radio Engineers has been formed, and 
the University of Syracuse sends profes- 
sors to Rome to conduct classes for 
advanced degrees. 

RADC people are becoming active in 
local community and civic affairs. 

Personnel 

Today there are appro.’cimately 7,500 
military and civilian personnel stationed 
at Griftss, of whom roughly 4,000 are 
assigned to RADC. The remainder be- 
long to such tenant organizations as 
the AMC depot and the 27th Fighter 
Squadron (flying F-86s) of the Air De- 


There are approximately 800 civilians 
and 100 military personnel who are di- 
rectly involved in RADC’s technical 
mission, under the command of Col. 
W. S. Heavner, Deputy for Research 
and Development. The rest of the 
RADC manpower performs supporting 
functions and operates the base. 

► Technical Degrecs-A breakdown of 
the 900 people under Col. Heavner 
shows there are about 800 civilian engi- 
neers and scientists, and 60 officers, most 
of whom have degrees in engineering or 
science. 

Col. Heavner himself has a master's 
degree in electrical engineering and in 
management. 

Lt. Col. O. f. Schulte, assistant 
deputy, has a B.S. in E.E. The civilian 
technical director of R & D is Harry 
Davis whose record shows a B.S. in 
physics and an M.S. in electrical engi- 
neering. 

RADC Activities 

RADC’s technical manpower is ap- 
plied to three major ^es of activities 
in approximately the following propor- 
tions: 

• 50%: Guidance of developments of 
outside contractors and analysis of the 
results of outside study contracts. 

• 12%: In-the-house development of 
new ideas and techniques to establish 
their merit. 

• 38%: Support of AMC procurement. 
This involves preparing specs, following 
pilot runs of new equipment at con- 
tractor's plant, introducing new equip- 
ment in the field, and helping to set up 
off-shore procurement in foreign coun- 

► More in the House-Although RADC 
acknowledges the need and importance 
of its AMC support and outside de- 
velopment guidance activities, its people 
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Serving the Airtraft laiiiistry for Over 30 Years 


GLADDEN PRODUCTS Corporation 

Depl. ms. 63S Wfii Colorado, Glrnrfalr 4. C.liroriiii 


SIMMONDS 

FOR ADVANCED AIRCRAFT ACCESSORIES 



THE NEW SIMMONDS PACITRON 
ELECTRONIC FUEL GAGE 

More chan twenty U.S, and foreign airlines ace 
equipped with Simmonds elenronic fuel gages. 
Now available is the new lightweight Paciiron 
system with the miniaturized amplifier-bridge — 
lightest and most compact unit of its type avail- 
able. The reliability and rugged service which 
have uniformly chacaaerized Simmonds gages 
have established their leadership in the field of 
electronic fuel gaging. 

SIMMONDS PRECISION 
PUSH-PULL CONTROL SYSTEMS 

mmonds controls 
positive, precise 
ind versatile. Adaptable 
st complex require- 
such as bends around 
)ns, operation under tern- 

under vibration. Typical applications 
are operation of pressurized door controls, pro- 
peller governors, parking brakes, etc. Write for 
oew, complete design manual. 


As recognized leaders in the design and manufacture of precision elec- 
tronic, mechanical and hydraulic equipment, the Simmonds development 
group presents a growing line of advanced products, proven to the latest 
specifications of the U.S. aircraft industry. 


STRONG LIGHTWEIGHT COWLING LATCH 

In weights of only 6 oz. and 8 or, withstands 7,000 lbs. 
in both tension and shear. Flush-fitting. Cowling pull- 
up adjustment. Simple construction— just housing and 
toggle. For hinged or detachable panels. Accommo- 
dates principal cowling curvatures. Send for data 


HIGH STRENGTH ACCESS LATCH 

Weighs only 3,2 ounces, yet takes ultimate load of 
2,700 lbs. tension, 5,000 lbs. shear. For panels, cargo 
doors, radomes and similar surfaces. Pull-up and ad- 
justment features. Flush when installed; gives positive 
lock, yet unlocks with finger pressure. Only two parts, 
toggle action. 

HYDRAULIC FUSE 




This quantity measuring fuse acts as an automatic 
shut-off for aircraft hydraulic systems. It closes when- 
ever more than a predetermined amount of liquid 
passes through the line. 
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wish they could do more in-the-liouse 
Jodopmcnt. For One thing, RADC 
recognizes that such development is 
necessary to maintain the technical 
competence of its personnel. 

Unless RADC (and other ARDC 
centers) engineers have a first-hand 
knowledge of new technical develop- 
ments and techniques in the fast-mov- 
ing avionic field, they can't do the best 
possible job of guiding developments by 
outside contractors. 

Another equally important justifica- 
tion is that RADC engineers can try 
certain new ideas on a “haywired bread- 
board" basis in their own labs in less 
time and at less cost than if the work 
were contracted out. 

► Convincing "Doubtine Thomases’’— 
Davis points out that in-nouse develop- 
ments can be used to convince doubting 
contractors that it is possible to meet 
RADC requirements or that an idea is 
feasible. As an example, Davis cites a 
tracking computer which originally used 
125 vacuum tubes. 

Despite RADC’s urging that the de- 
sice could and should be redesigned to 
reduce the number of vacuum tubes 
(and thus its size, weight and com- 
plexity). the manufacturer was uncon- 
vinced. So RADC engineers stepped 
in and redesigned the computer them- 
selves and now it requires only 15 

► One Big Workbench— The very nature 
of RADC's radar and radio work de- 
mands that much of its laboratory ex- 
periments be performed out-of-doors. 
RADC now has 11 test sites located 
around its 2,500-acre base and an- 
other eight sites off-base-two of these 
are located more than I.OOO mi. away. 

All of the on-base sites are supplied 
with base power and communications, 
and major sites are interconnected with 
coaxial cable to permit remote trans- 
mission of radar/ microwave signals. 

"The whole base is a great big work- 
bench,” Gen. Doubleday says. 


Off-Base Sites 

Most of tlie outdoor sites had to be 
carefully selected for their topographical 
layout and/or location, as well as their 
technical characteristics, such as being 
free from man-made static. For example, 
the 1.200-ft.-high radio tower which 
R.ADC constructed for low-frequency, 
long-range navigation work, presents an 
obvious hazard to low-flying aircraft and 
so is located at Forcstport, N. Y., some 
40 miles northeast of the air base. 

RADC needed a unique site to cheek 
the radiation patterns or radar and radio 
antennas without picking up stray reflec- 
tions from the ground. They found an 
ideal spot about 20 miles cast at New- 
port, N. Y. TTie transmitting antenna 



Cot. WDIiaoi Heavner 
Deputy for R&D 


under test is placed on one high cliff 
and the receiving antenna on another. 
The intervening gully prevents ground 
reflections. 

► Other Off-Base Sites— In addition to 
the Forestport and Newport facilities, 
l^DC operates the following off-base 

• Floyd, N, Y.: An unobstructed “static 
free” location approximately three miles 
east of GAFB used to check direction- 
finding and communications equipment. 

• Verona, N. Y.: Primarily a ground 
radar test site 12 miles southwest of 
GAFB, which is used for TAG weapons 
system and electronic countermeasures 
studies. 

• Jervis Ave. (Rome): An omnirange 
and short-range navigation test facility 
located about two miles west of GAFB. 

• Adamston, N. f.: A long-range, low- 
frcquency navigation test facility. 

• Canabelle, Fla., and Cape Fear, N, C.: 
Test sites for navigation system studies. 

Environment Chambers 

When new environmental test cliam- 
bers now under construction are com- 
pleted this year, RADC will be able to 
drive a large trailer, housing a mobile 
radar or other avionic equipment, into 
a test cell and run the temperature down 
to — 70F or up to 190F, under humidi- 
ties of 10% to 95%. This 16 X 52 X 
I7-ft. temperature-humidity room will 
have a volume of approximately 8,750 
eu. ft. 

► Hot and Cold— Eight other large walk- 
in type chambers are under construction 
in the same building, formerly used as a 
test cell for aircraft engines. These in- 
clude four arctic rooms and four tropic 
rooms, varying in size from 400 to 
1,200 cu, ft. 
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The tropic chambers will provide 
temperatures of 3dF to 190F and 
Immidities of 10% to 95%. except for 
one which can create 100% huinidih' 
conditions (rain). 

The four arctic rooms can be op- 
erated at temperatures of — 70F to 72K, 
and one of them can also provide simu- 
lated altitudes up to 70,000 ft. 

► Explaining the Altitude Chamber— 
An altitude chamber may seem like an 
unnecessary addition at a center devoted 
to ground-based avionics, but there’s a 
logical explanation. Much of RADC's 
ground-bnsed equipment must he capa- 


ble of being transported by air and thus 
must be able to withstand exposure to 
high altitudes. 

Current AF ground-based avionic 
equipment specs call for withstancling 
exposure at 60,000-ft. altitudes, al- 
though this is considerably beyond the 
normal cruising altitudes of existing 
transports. 

'Ihcte is still another altitude factor 
to consider. Ground-based equipment 
mav be used on terrain many thousands 
of feet above sea level, and so must be 
capable of operation "at altitude,” 

► Chamber Facilities— Test chaiiibet 
temperature and/or altitude conditions 
will be capable of being programmed in 



advance to give any desired cycle of en- 
s’ironmcntal conditions. 

Obsen’ation rooms adjoining the 
chambers will enable engineers to ob- 
serve the equipment under test. Tliese 
rooms are ait conditioned so that test 
equipment can be operated under con- 
trolled conditions. 

Many t'pes of power arc available in 
the test chambers to accommodate a 
variety of equipment. Supply voltages 
and their frequencies can be adjusted 
over a range of 10-20% to clieck equip- 
iiiciit operation under low- and nigti- 
voltage and frequency conditions. In 
addition to 28-v. d.c, power, 120/208-v. 
a.c. power will be supplied at 400 cps,, 
120 cps.. 60 cps., and 25 cps. 



Hanv Davis 
Technical Director 
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Wheie RowmelBis Are Concerned. 



JQcIipse-Piotieer gravimetric fuel flowmeter 
systems are standard on all military aircraft 
and on 80 % of all commercial planes. 

There are two solid reasons for this 
overwhelming preference. First, Eclipse- 
Pioneer flowmeters measure consumption in 
terms of pounds— the basic reference of fuel 
energy. This means the readings on the 
panel-mounted indicator may be used direa 
without the necessity of calculating and 
applying corrections for specific gravity 
changes as in a volumetric system. Second, 
the accuracy of Eclipse- Pioneer flowmeters is 
safeguarded by the most extensive, most 
precise test facilities in the industry— fadlicics 
which include specially-built calibration 
stands capable of testing flowmeter accuracy 
M within 5 ounces per 100 lbs. oj fuel. 
Eclipse-Pioneer flowmeters are available for 
single- or multi-engine aircraft . . . 
reciprocating or jet . . . for on-board 
consumption or in-flight refueling purposes, 
and in capacities ranging all the way from 
30 P.P.H. to 360,000 P.P.H. Where 
flowmeters are concerned, Eclipse- Pioneer 
stands alone. That's because only 
Eclipse-Pioneer has the quantity and quality 
of facitities to build the types of flowmeters 
demanded by the industry. 


mi)somnm 


N PtOOUCTS* MADE BY ECUPSE-PIONEER 


Largest Producer of Aviation lnstrum*nt» and Acc«ssori« 
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Avionics Team Spends 
Half a Billion Dollars 


AILEN AIRCRAFT 
for dependability 



SEL^LOCKING DRAIN VALVE 



CHECK VALVE 
Ropp.f T,p. 



, OXYGEN COUPLER 

I AN M09-2A or -IB 



PLAIN DROP TANK VALVE 
Ssif SaolIng, Rjghf Anglo Flow 



Phen« 7533 


P. O. BoK ay.Povnno. Ohio 


Romo, N. Y.-l’toiii a coiilractor's 
viewpoint, the location of botli Air 
Research and Development Command 
and Air Materiel Command ground- 
based avionics functions here at Grif- 
fiss Al'B means tliat "all roads lead to 
Rome.” 

In a single visit, a contractor inter- 
ested ill ground-based avionics can talk 
with Rome Ait Development Center 
engineers, RADC procurement people, 
and/or AMC procurement, supply, and 
maintenance pctsonnel. 

► Two Groups— I'hc two procurement 
groups at Griffiss arc separate and dis- 
tinct. One, under Lt. Col P. L. M. 
Packard, is a part of RADC and buys 
only research and development. 'Die 
other, under Lt. Col. J. M. Cryer, is 
a part of AMC and buys production 
versions of ground-based avionics equip- 
ment developed under RADC sponsor- 

fn addition to its obvious conveni- 
ence, tlie Griffiss AFB centralized 
arrangement makes it easy for a con- 
tractor to round up all persons involved 
in a knotty production problem to 
obtain a quick on-the-spot decision. 

RADC Procurement 

Last year approximately 125 prime 
contractors, including 25 colleges and 
universities, shared the $18 million in 
development and study contracts let by 
Rome Air Development Center, Pack- 
ard told Aviation Week. The typical 
R & D contract price is in the neigh- 
borhood of $50-100,000, although a few 
very large contracts would raise the 
average price to a slightly higher figure. 

► Industry and University-Generally 
speaking, contracts that involve develop- 
ment (and delivery of prototype equip- 
ment) are awarded to industry while 
basic research and study contracts go to 
universities, although there are excep- 
tions in both cases. The typical indus- 
trial R dr D contractor has 100-1,000 
employes, Packard says. 

,^skcd about the types of contracts 
used for R.\DC procurements, Packard 
gave the following breakdown of last 
year's contracts: 

*51% I'ixcd price with rcdetemiina- 

11% Fixed price. 

25% Cost plus fixed fee (CPIT'). 

13% Cost teimbursemenf. 


I'lic cost rciinburscmcnt type con- 
tract is similar to the CPFF' type but 
involves no fee or profit to the con- 
tractor. This type is frequently used for 
basic research contracts with univer- 

► R & D Buying Pliilosophies— All 
Rome Ait Dexelopmcnt Center research 
and development procurements are ne- 
gotiated types (rather than bid types 
frequently used for less complex, stand- 
ardized production items). In selecting 
contractors, RADC uses the following 
philosophies csfiablished by ARDC 
iicadquarteis: 

• Basic research. Technical evaluation 
of contractor's capabilities and know- 
how should override price consideta- 

• Development. Technical evaluation 
plus business evaluation and production 
capabilities (where appropriate) should 
be major considerations. 

Price sliould be of secondary im- 
portance in evaluating both research 
and dex’clopment proposals. 

Another guiding philosophy is that 
research procurement functions should 
be in the closest physical proximity to 
the RADC project engineer and the 
engineer should have full responsibility 
for the program. 

■J'o assist the engineer in carrying out 
this responsibility, the procurement 
office administers all R & D contracts 
it negotiates. This is designed to assure 
quick, efficient coordination among the 
three parties involved— the contractor, 
tlie project engineer and the contracting 

► Contractor Relations— Prospective new 
contractors interested in ground-based 
avionic R & D work may register at 
RADC’s contractor relations branch, 
which will in turn anange for confer- 
ences with RADC engineers in the 
contractor’s field of activity. In liis 
way a contractor can learn of RADC’s 
present needs and projected programs. 

The list of registered contractors is 
cross-indexed according to their fields 
of interest. When a new R & D pro- 
gram comes up for procurement, the 
procurement office sends out Requests 
for Proposal (RFPs) to qualified con- 
tractors on its list. 

Should a manufacturer faQ to submit 
a proposal or to acknowledge receipt of 
three or four successive RFPs by writ- 
ing to decline to submit a proposal, the 
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American Time Products, tnc. 

580 Fifth Avenue New York 36, N. Y, 

OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY 


263 



T« CUSHION SHOCK 



YOUR GALLOPING ENERGY 


If your design— your product— or your project— is endangered by vibration 
or uncontrolled impact, we can adapt our principle of oil-air shock absorbing 
to remove the unwanted force. 

Whether you want to control the accelerating effect of multiple bounces which 
begin to coincide; or the landing of tons at high velocity; or continuous 
vibration— this is the realm for our impact-absorbing engineers. 

The principle is applied now in every American aircraft landing gear. It 
has made Cleveland Pneumatic the world's largest manufacturer of aircraft 
shock absorbers. 

Size doesn’t matter. We can engineer shock absorbing, ton-size or pound- 
size, stopped to precise industrial tolerances. 

Our free booklet gives enough description of our equipment and applica- 
tions to show why we have become the world’s largest engineers of this 
principle. Write for it. 


CLEVELAND 

To MOVE with less EFFORT { 

PNEUMATIC 




TOOL COMPANY 

“I?.’*,”'."”''' *• 


' '' ll.li IJ. 
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WORLD'S LARGEST MANUFACTURER OF AIRCRAFT LAND 
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ptocutement office usually contacts the 
contractor to see whether he still wants 
to remain on the R.\DC lists. 

Normally a contractor is given 30 
days to submit a proposal, and up to 60 
days may be allowed if the program 
involved is extremely complex, Packard 

► Specification Conferences— Upon re- 
ceipt of the Rf'P and its associated ex- 
hibit (technical specification), contrac- 
tors frequently send their representatives 
to Rome for discussions with RADC 
engineers. The purpose of such meetings 
is to get answers or an official inter- 
pretation to their questions on the 
specifications. 

New techniques are being tried in- 
vr)lving very complex equipment where 
all interested contractors are invited to 
attend a joint spec conference at RADC. 
according to Packard, Engineers from 
scseral companies go ov er the specs line 
by line with RADC engineers, asking 
questions and suggesting minor re- 
visions. Tlie latter arc incorporated in 
.1 rcwi.scd spec which goes out with the 
Rl'Ps shortly afterward. 

■As a result of this preliminary con- 
ference, the prospective contractors 
are ready to go right to work on their 
])TOposals from a common starting point 
and svith uniform interpretations when 
the RFP and res’ised spec arrived. 

RADC Evaluation 

"How do you evaluate these tech- 
nical proposals?" Aviatiov Week asked 
Packard, He indicated that the tech- 
nical proposals, which have no pricing 
information in them, are submitted to 
the project engineer to be rated on the 
following points: 



Lt, Col. P. L. M. Packard 
Chief, R&D Procurement 


Lockheed Neptune Gets New 

Temperature 
Warning System 



A NEW EDISON Temperature Alarm 
System keeps its sensitive "fingers" 
on three spots in the alternator drive 
system. Should the temperature at 
any or aJl spots rise to 1S0°C, an 
alarm automatically signals in the 
flight comparuneot. The alternator 
drive system is so designed that it 
can be immediately disengaged be- 
fore serious damage can happen. 


THREE STANDARD resistance bulbs, a 
small control assembly (wgt. 1.5 
lbs. ) , and a panel light make up the 



YOU CAN ALWAYS 

BELY ON EDISON 


system. The bulbs are installed as 
shown in the diagram. Each bulb 
continuously "feels" the tempera- 
ture at each point. When the tem- 
perature reaches its critical level, the 
alarm comes on, and, if the tempera- 
ture returns to normal, automati- 
cally shuts off. 

THE SYSTEM Can be adapted to any 
number of circuits and still retains 
its basic simplicity. For information 
concerning specific applications. 
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Airplanes of outstanding performance require equipment of 
outstanding quality. The Douglas Skyshark shown, first Amer- 
ican attack type fighter to utilize turbine-propeller power suc- 
cessfully, has Kohler precision controls. 

Kohler quality in precision valves and fittings is known and 
specified by leading manufacturers of jet engines, commercial, 
military and private aircraft. Facilities for aluminum forging 
and casting, machining, anodizing, cadmium plating and 
heat treating are all maintained in one Kohler plant— with a 
precision-skilled organization. 

Call on us for yoitf next requirements. Write for booklet. 


Kohler Co., Kohler, Wisconsin. Established 1873 

KOHLER OF KOHLER 
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• Feasibility of approach proposed by 
the contractor. 

• Ins^hl into problem, as evidenced by 
contractor's proposal. 

• Previous experience of contractor in 
this or related fields- 

• Contractor's reputation in research 
and development. (Does he normally 
meet delivery dates? Specifications? 
Does he habitually ask for spec waivers 
after the program is under way?) 

• Effect of spec exceptions (requested 
bv contractor) on the end item. 

• Production capabilities of the contrac- 
tor in the event production is eventually 
planned and the developing contractor 
miglit be logical producer. 

After mting each proposal on the six 
points cited above, the project engineer 
evaluates their over-all technical merit 
and rates them relatively, i.e., first, sec- 
ond, third, etc. There is no predeter- 
mined weighting factor for any of the 
six points. This will depend upon the 
RADC engineer's evaluation of their 
importance for the particular project. 
^Business Evaluation— Meanwhile the 
procurement office has been analyzing 
the business aspects of eacli proposal, 
taking into account such things as 
price, type of contract requested, and 
the profit or fee percentages sought. 
Tlie PO in turn ranks the proposals in 
order of overall business merit. 

When both ratings are complete, the 
procurement office and project engineer 
sit down and compare results. If the 
best technical proposal is also the low- 
est priced, or nearly so, the decision is 
easv. Sometimes the comparison is more 
difficult because one contractor has 
made his proposal based on a CPFF 
t\pc contract and another has based 

his on a fixed-price-with-redetermina- 
tion ripe contract. 

► Hard Choice— In this case, if the race 
is close, the PO may ask each contractor 
to submit a new financial proposal based 
on the other type of contract— to put 
the comparison over a common denom- 

Packard says that his office is consid- 
ering steps to broaden the base of tech- 
nical assessment of RADC proposals 
bv seeking evaluation by the responsi- 
ble section, laboratory, and division 
chiefs as well as the project engineer. 

AMC Procurement 

Processing of a purchase request 
for ground-based avionic equipment 
which used to take 30-60 days has been 
cut to 7-10 days since AMC moved its 
procurement, supply, and maintenance 
functions to Rome, according to Col. 
M. F. Summcrfelt, commander of the 
Rome .\F Dqmt- 

lle .attributes the speedup to new 
cunfract-paper touting techniques that 
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Need low starting friction and long bearing life? 

here’s how leading manufacturers of business machines 
get them with NEEDLE BEARINGS 



Torrington Needle Bearings are essential 
design features of many business ma- 
chines because of their low starting and 
running friction, their long trouble-free 
service. 

They have been performance-proced 
by years of day-in and day-out service 
on such machines as electric typewriters, 
addressing and duplicating machines, 
accounting machines, rotary card file 
systems, etc. 

On the conveyor rolls, sprockets, 
gears, tape and feed roll shafts of dupli- 
cators, for example, Needle Bearings 
help reduce power requirements and 
keep motor size to a minimum. The 
Needle Bearing's turned-in outer lips 
effectively retain lubricants to keep 
these precision machines running for 
long periods without servicing. 

The Torrington Needle Bearing has 
become "standard equipment" on count- 
less products throughout industry since 
its introduction nearly twenty years ago. 
Its small size and infrequent lubrication 
needs are of great advantage in com- 
pact, tightly encased designs. 

Perhaps the Needle Bearing can solve 
your anti-friction problems. Our engi- 
neers will be glad to work them out 
with you. 

THE TORRINGTON COMPANY 
Torrington, Conn., South Bend 21, Ind. 
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are poisible in a siiialki tiglill)- knit 
operation am) to tire close proximity 
(tno minutes walk) of RADC cngl- 

Prior to the incn c from Dayton about 
a year ago, RAI’D was a small supply 
depot handling three classes of material. 
Today the Rome Depot stocks 12 
classes, Sumnicrfelt compares the task 
of expanding the previous Rome Depot 
to the problem of “converting a country 
store into a supermarket." 

Only about iialf of tiie present 2,200- 
man Rome Depot staff made the move 
from Dayton. The rest liad to be re- 
cruited locally and trained, a big job 
according to Summerfelt. 

RAFD Job 

Rome Ah' Depot lias the triple re- 
sponsibility of procurement, supply, 
and maintenance for ground-based elec- 
tronics, certain electrical items like 
lights and cable, and photo supplies. A 
breakdown of RAh'D personnel shows 
approximately 1 50 in procureraent, 500 
in maintenance, and 1,500 in supply. 
►Half a Billion-Last year RAh'D pur- 
chased approximately $540-inillion 
worth of production equipment and 
itcins from about 500 prime contrac- 
tors. The majority of these contracts 
were fixed price, although some of the 
larger ones included provisions for price 
redetemiination, Summerfelt says. 
RAFD’s contractor relations office lists 
about 3.100 prospective contractors. 

'llie Rome Depot pushes competitive 
bidding wlierever possible, but the com- 
plex nature of some of the avionic 
equipment it buys restricts this objec- 
tive, Summerfelt admits. 

Last year approximately 85 RAFD 
contracts were let on the basis of In- 
vitations for Bid (IFB) and approxi- 
mately 1,200 were awarded on the basis 
of Requests for Proposal (RFP) or Re- 
quests for Quotation (RFQ). 

Maintenance 

Engineering 

RAFD's directorate of maintenance 
engineering lias the responsibility for 
directing equipment overhaul shops, 
located at Rome and monitoring the 
overhaul of similar items at other AMC 

Prescntlv. studies arc undenvav to de- 
termine the feasibility of absorbing a 
l.irgcr workload here. 

► Other Responsibilities— In addition, 
maintenance engineering has the re- 
sponsibility for engineering review of 
communicutions and radar insfallatinn.s. 
on a worldwide basis; preparation 
of handbooks (operatinn. inaintcnancc, 
and spare parts tatalogues), and 
file handling of unsatisfactory reports 
(URs) on equipment failures in the 



uynamie Balance to .ooouooz Dispic 

The geometric axis of any and all rotational 
predetermined on the drawing board without regai 
to machining eccentricities, material non-uniformity, 
or distorted operating conditions. Result— the moss 
eftis of these rotational bodies does not coincide with 
the geometric axis , . . hence, portable MICRO- 
NAMIC, the dynomic super-sensitive balancer. 


CORRECT! 

the unbalance I 


MICRO BALANCING 


AVIATION 


ml 17. 1953 


269 








■ ROME 

field. Wlicn URs indicate a fiiiidamcii- 
till slioftcoiiiing in equipment design, 
maintenance engineering sets up a proj- 
ect to investigate the necessary "fix” 
with RADC engineers who in trim 
bring in the equipment manufacturer. 

R.M'D likes to contract out mucli of 
its os'crhaul work to the original equip- 
ment manufaeturer. 

Ill many cases, however, manufactur- 
ers find it difficult to gait tlieir normal 
production-line operations to handle the 
sporadic overhaul work load. Summer- 
felt says, This is one reason why RAFD 
does some of its own overhaul wotlq 
another reason is that the Depot must 
have a capability of maintaining every 
type of equipment for which it is re- 
sponsible. This also enables local engi- 
neers to examine equipment in detail. 

Tims, R.^FD has a "fire brigade” shop 
for what is required here or oi erseas. 

Depot Supply 

The R.^DF directorate of supply and 
service has the task of seeing to it that 
an adequate stock of grounibased avi- 
onic equipment is always on hand, as 
well as a sufficient quantity of the right 
spare parts to keep operating. 

► Guessing Right— A bad guess on fu- 
ture Air Force needs could be disastrous. 
If you find yourself short of, say, a 
dozen radars, you don't go out and buy 
them off a dealer’s shelf like TV sets. 
Lead time on big radar sets is currently 
limning about 2-2i years. 

To establish a sound basis for its 
future procurement, the supply direc- 
torate examines; 

• Last year's usage. 

• Present inventory. 

• Repairable equipments on hand. 

• Programmed ,\F size. 

If the equipment is new, and there is 
no previous experience to work from, 
Rome Depot seeks advice from RADC 
engineers and manufacturers. 

Tills directorate also operates the 
warehouse at Rome and monitors the 
Western AF Depots in distribution of 
their prime classes of propertv. RAFD 
is currently building a $2-million ware- 
house and overhaul shop for avionic 
equipment at Rome. When completed 
next year, RAFD will have over two 
million sq. ft. of warehouse floor-space. 

Everyone, both in Rome Air Devel- 
opment Center and Rome Air Force 
Depot (AMC) seems to like the in- 
tegrated Griffiss AFB set-up. 

The single mission at GAFE-devel- 

5 producing, and fielding the best 
le ground-based avionics-pro- 
duces a unity of purpose. The base is 
small enough for individuals to see how 
their efforts dovetail into the over-all 
operation. These are factors which pro- 
duce good esprit de corps. 
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By testing motors “twenty miles up”- 
G.E. gives you more for your motor dollar 


In this reinforced tank six feet long by eight feet 
wide G-E engineers watch motor performance at 
altitudes as high as 100,000 feet. Motor speed is 
checked by a stroboscope through a reinforced side 
window and a dynamometer inside the chamber acts 
as the motor load — as tank temperatures go as low 
as —80° C with controlled humidity. 

In other similar tests your special problems of heat, 
cold, vibration, acceleration, etc., encountered in air- 
craft operation are detected and solved. Here, G-E 
engineers learn the facts about motor performance. 


resulting in better fhp motors for you. 

Whatever your aircraft motor problem, remember 
that G-E engineers are equipped and ready to solve 
it. General Electric's Specialty Motor Sub-Dept. can 
design and build precisely the motor you need to 
meet your most demanding requirements . . . solve 
your toughest problems. 

For more information or engineering assistance, 
contact your nearby G-E Apparatus Sales Office, 
General Electric Company, Schenectady 5, N. Y. 


am. 


GENERAL 


ELECTRIC 




MISSILE CONTROL 

BY SUMMERS 


DOWN GOES PRICE... 

YET QUALITY REMAINS! 

Volume production now overcomes 
Cost and Delivery barriers 
on high performance Gyroverticals 

With Model 69, Summers now offers 
an accurate, responsive, lightweight, 
tugged gyrovertical— at a price 
heretofore unheard of. Model 69 is 
used to establish the basic reference 
element for aircraft and missile auto- 
matic control systems. It incorporates 
revolutionary Summers principles 
that are government proved and 
accepted. To read the specifications 
Is to recognize the quality. 

Mode! 69 is now in volume production 
in the Summers plants. Quantities of 
200 or more shipped within 10 days; 
smaller quantities Immediately. 

Write today to Department A-2. 


f580: 


VHHHERS 

GYROSCOPE COMPANY 
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Ten Years for a Bombing System 


■ AVIONICS 

«iiy on fir^it prototype K-Systcni- Com- 
plex clcctro-mcclianical design indicates 
need to develop new mumifacturing 
tcclmiqucs. 

1946: Detailed layout and bread-board 
stage, witli last-minute design improve- 
ments to aid ptoducibility. 

1947: Engineering consultations on radar 
sighting with Bdl Telephone labs; on 
optical components with Pcrkin-Eliiicr, 
I'brrand Optical Co., and Massachusetts 
Institute of Technology. AMC awards 
Sperry a production contract to build 1 3 
additional systems. 

1948: First K-svstcin installed in a B-29 
and tested by Sperry engineers at Mac- 
Arthur Field. L. I-, dropping 100-lb. 
practice bombs. ‘‘Amazing precision” 
achicsed, witli a single operator func- 
tioning as uas'igator, radar man, and 
bombardier- This is followed bv evalu- 
ation tests at Eglin AI'’B. Fla- I'ive pre- 
production K-systems sent to AMC. 
1949; Improied system, incorporating 
polar navigation control for use at high 
latitudes, in.stalled and tested in B-50. 
Polar nas'igation control perforins very 
accurately. First 13 production systems 
dclis'cred and .AMC orders hundreds 
more. To broaden production base, 
Sperry assists AMC in setting up A. C. 
Spark Plug, National Cash Register, and 
International Business Machines, as well 
as General Mills and Eastman Kodak, 
on optical coinponcnts. 

1950: Accelerated service test on early 
production K-system in Erst B-56. Other 
B-36s, cqnipp^ with early K-systeins, 
a.ssigncd to SAC 7th and 11th Bomb 
Wings at Carswell AFB, where opera- 
tional shakedown shows need for cer- 
tain improi’cments. 

1952: More than 300 K-systeins now in- 
stalled in USAl' aircraft. 

1953: Air Force and Sperry finalize de- 
signs for a new, improved bombing sys- 
tem to succeed the K-scrics. 


In 1953, Gen- James II. Doolittle an- 
nounced; ‘‘VVe has'c progressed in our 
bombsight development to the K-Sys- 
tem, long a secret. It weiglis 1,700 lb., 
contains 365 s’aeuum tubes, costs $200,- 
000. It links automatic sighting with 
automatic navigation; permits highspeed 
bombing at night through the overcast 
with greater accuracy than former day- 
light methods at half the altitudes and 

Mere, for the first time, are photo- 
graphs of the K-System, developed by 
Sperry Gyroscope Co. together with a 
date-by-date history of the birth of the 
bombing system used in our B-36s and 
B-47s. The chronology that follows 
shows that it takes almost 10 years to 
da'clop, design, get into production, 
and place a ness' complex avionic system 
in tactical use. 

1942-43: Extensive use in World AVat 
II of three existing bombsights demon- 


strated their limitations for modern use. 

• Missions sometimes return without 
ever finding tire cloud-covered target. 

• Even wim fair visibility, camouflaged 
targets make recognition diEcuIt. 

• Straight and Icse! bomb run of 30 
seconds or longer is needed, m:ikiiig air- 
plane vulnerable to air and ground fire. 
1943: Sperry Gyro seeks entirely new 
concept, in close collaboration with Air 
Force. Forms special group to initiate 
"high-aldtudc bombing studies" and rc- 
seareh-witli Speny funds. Studies point 
to need for completely automatic sys- 
tem, to eliminate complex human ma- 
nipulations, witli nas'igational computer 
as part of the system. 

1944: Sperry reports findings and pro- 
poses an automatic bombing and naviga- 
tion system to Air Materiel Command. 
AMC awards letter contract to Sperry 
for two experimental “K-Systems.” 

1945; Design and development under- 


GYRO ST‘ABILIZER cancels out bomber pitch and toll motions in K-S«iics bombing 
system. It is sbovm uudcigoing calibration at Sperry Gyro factory. 
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Rome Expands Role of Ground Avionics 

RADC’s advances will have a major impact on military 
air power, may soon spill over into civil air operations. 


Rome, N. Y.— Important new and 
expanded roles for ground-based avionic 
equipment are being neated here at 
tlie Rome Air Development Center 
which will have a major impact on mili- 
tary air power and could, within 10-15 
years, have a similar eifect on civil air 
operations and traffic control. 
►Landing Jets-RADC is working on a 
major problem plaguing all of the Air 
Force’s operating commands and one 
which will worry the airlines, on a 
somcwliat milder scale, when tliey start 
flying jets. 

The military problem is this; How do 
you schedule the orderly approach of 
dozens of jet aircraft, returning to their 
bases with near-empty fuel tanks, so 
that each plane arrives in position for 
its final approach at the proper time? 

If you can save five minutes of low- 
altitude delay in landing, you give a jet 
fighter another 10-15 minutes in com- 
bat. Or if you can double the number 
of bombers which can be landed at one 
airfield in a given interval, you eliminate 
tlie expense and trouble of building 
additional runways and/or airdromes. 

► Retum-to-Base Computer— In coopera- 
tion with WADC and AFCRC, Rome 
is engaged in development of a return- 
to-base computer which instantly and 
continuously calculates the optimum 
flight path and arrival time for every 
aircraft within a suitable distance of an 
airdrome to assure a close and orderly 
sequence of anival. The computer oper- 
ates from data provided by ground-based 


radar giving information on the position, 
heading, speed, and altitude of every 
aircraft in the area. 

Individual guidance instructions to 
bring each airplane in at its prescribed 
time will be transmitted automatically 
via radio telemetering equipment (data 
link) and will be displayed in the cock- 
pit. These signals also can be fed to 
the plane's autopilot, enabling the 
ground station to maneuver eacli air- 
plane automatically in the desired flight 

TTiis computer is only one portion of 
an overall automatic traffic control and 
landing system. 

As planes are funnclcd into the final 
approach position, an automatic ground- 
controlled approach (AGCA) svstem 
will take over and give the pilot ILS- 
t)pe cockpit guidance as well as aural 
talk-down instructions. Or the AGCA 
will control the plane’s approach pith 
via its autopilot approach coupler. 
(AGCA, developed by Gilfillan Bros.. 
Inc., under RADC sponsorsliip, is cur- 
rently going into pilot production.) 

To provide completelv automatic all- 
weather landings. RADC is also investi- 
gating a ground-based system to pro- 
vide automatic flare-out and landing at 
the point where AGCA control termi- 
nates (normally 50-100 ft. from the 
ground). 

►TAC Weapons System— RADC has 
recently taken on an even bigger assign- 
ment; to develop an integrated weapons 
system for the Tactical Air Command. 


'l AC's tasks of interdiction and ground 
support pose serious problems which 
will require RADC to dig deeply into 
its bag of avionic tricks. 

The TAC system will give RADC an 
opportunity to prove its basic phfloso- 
phy that many navigation and guidance 
functions now performed by airborne 
avionics equipment can be better per- 
formed by ground-based avionie.s. 
RADC officials say their objective is to 
make a single airborne black box-a 
transmitter/receiver-to provide the 
pilot with all required guidance, navi- 
gation, communications, and landing 
information via a radio data link, 

► Sub-System Efforts— A major portion 
of tlie R&D efforts at RADC go into 
ground-based sub-systems such as radars, 
computers, communications, and data 
links. Tliese are tlie building blocks 
from whicli the “super-systems” are 
constructed. Approximately 80% of 
this R&D work is performed by out- 
side contractors, under RADC guid- 
ance; the balance is done “in the 

Broadly stated, these sub-system ef- 
forts are directed toward: 

• Improvtog performance of existing 
techniques and equipments. 

• Developing new techniques and 
equipment to meet present tactical 
needs. 

• Exploring new areas to build up know- 
how to be able to meet future tactical 
needs quicklv. 

► Range and Resolution— In the first 
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The aircraft industry has signified its approval of Omohundro 
standards for precision f^rication of fibreglass laminate 
airplane parta-parts now in many of the outstanding aircraft 
being built today. In structural parts as well as non-structural 
furnishings, the Omohundro "0” serves as the symbol of 
safety, strength and full dependability. Our Research Division 
is constantly developing better methods of precision 

production. It is-atyour service today. Address- 




Paul Omohundro Co.»P.O. Box 456 Paramount. Calif. »TOrrey 7-9217 


Leadership Demands Constant Achievement 


Lockheed’s huge Marietta, Georgia, 
factory speeds 
output of U.S. aircraft 

EXPANDS DEFENSE PRODUCTION 
IN INDUSTRIAL SOUTH 


Lockhped and the growing 
Jnduslrinl South today pro- 
vide the U.S. with one of 
the world's largest aircraft 
factories— Lockheed’shuge 
Marietta, Georgia, plant, 

A short distance from At- 
latila, this factory coin]>le- 
ments Lockheed’s Califor- 
nia Division, providing the 
industrial dispersal now 
considered vital to U.S. 
defense. 

Lockheed's Georgia Divi- 
sion employs over 13,000 
people and has an S800 
million backlog of plane 
orders. That’s big business 
—and an excel lent example 
of new production in the 
fast-growing Industrial 



This Lockheed plaiitis cur- 
rently producing big Boe- 
ing B-47 bombers for the 
U.S. Air Force in a coop- 
erative defense effort. Soon 
the plant will also produce 
America’s first airplane 
originally designed for 
turbo-prop power, the 
Lockheed C-130A cargo 
transportfor the Air Force. 
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Lockheed 

C-130A Transport- 

One Plane for 3 Jobs 

Soon in production at Lock- 
heed’s Marietta, Georgia, plant, 
the U.S. Air Force’s new turbo- 
prop transport, the Lockheed 
C-130A, will fly higher and 
faster thati any other military 
transport and perform a great 
variety of missions. 

The C-130A is the first trans- 
port specifically designed for 
turbo-prop engines, which har- 
ness jet power to propellers. 

Air Force Competition Winner 
Winner of an industry-wide 
Air Force design competition, 
the C-130A transport will per- 
form three different jobs: 

1. Carry soldiers, paratroops, 
patients and all types of ground 
force equipment up to items 
weighing twelve to twenty tons. 

2. Fly high-altitude, high-speed 
missions as a tactical airplane 
for the Air Force. 

3. Transport passengers on 
long-range flights for the Air 
Transport Command. 

Unique Construction 
The C-130A has a floor as 
strong as a concrete tvarehouse 
floor a foot tliick. Its fuselage is 
only 45 inches off the ground- 
level with truck-bed height for 
easier loading and unloading. 
The pressurized cabin permits 
ground-level comfort for mili- 
tary personnel at high altitudes. 

Of special importance to the 
Air Force, the new transport will 
require only short take-off and 
landing runs. Special tandem- 
wheel tricycle landing gear per- 
mits it to use emergency landing 
fields in forward areas, or even 
unfinished airstrips. 

Prototypes of the airplane are 
nearing completion at Lock- 
heed’s Burbank, Calif., plant. 
The plane will go into quantity 
production at Lockheed’s 
Georgia Division, in Marietta, 
where giant B-47 jet Imiiibers 
are currently being built. 
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THE BIG 


area, for example, RADC is dcr otiiig 
iimeli effort to improving the range and 
accuracy (resolution) of ground-based 
radars. In the second area, to meet the 
needs of automatic control systems 
which must operate from radar signals 
without human interpretation, RADC 
is working to improve radar’s ability to 
di.sciiniinate between real targets and 
spurious signals from the ground or 
other fixed objects. 

Other dcsclopmcnts in this area in- 
clude long-range, high-accuracy naviga- 
tion systems, aimed at pinpoint accu- 
racy for bombers and guided missiles. 
Also, data link techniques for trans- 
mitting guidance and navigation in- 
formation to a multitude of aircraft 
without cluttering the narrow radio spec- 
trum are being developed here. 

Ibc third area, developing know-how 
to meet future needs, is typified by 
RADC's work in electronic counter- 
measures, where it must develop knowl- 
edge and techniques to be able to 
counter quickly any enemy jamming. 

► Handling "Super Systems”— Dcvcloiv 
ing, and guiding the developments of 
industrial contractors, in this co)np:ira- 
tivcly new field of "super systems” lias 
raised .serious organizational problems. 
Close integration of the charactcrLstics 
of all sub systems is imperative to as- 
sure their compatibility when connected 
into super systems. Yet there can be 
no dccniphasis on the individual sub- 
system developments since their per- 
fonnance limits that of the “super 
system.” 

laist January RADC completely re- 
vamped its rc.scarch and development 
organizational setup to handle the new 
super systems without neglecting the 
vital sub-system building blocks. 

Under the old setup, R&D had been 
divided into five laboratories: communi- 
cations, navigation, radar, data handling 
(computers), and general engineering, 
■llie trouble with this organization 
structure was tliat the new super sys- 
tems cut across the lines of responsi- 
bility of all of these laboratories, mak- 
ing it difficult to place overall system 
responsibility in any one. 

► Streamlin^ Organization— For many 

months RADC personnel studied the 
organizational structures of military 
and industrial laboratories, looking for 
a suitable organization pattern, I.t. Col. 
O. J. Schulte, assistant deputy for R&D, 
reports. These included tire Signal 
Coqjs, Nav.ll Research, General Klcc- 
tric, Radio Corp. of America, and Bell 
Telephone laboratories. 

RADC found no pattern which 
•suital their specific needs. Scliultc says. 
Imt it received many idc-.rs that could 
he nwful in developing the ncu R&D 
stnicturc, 
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is doing for 

GAS 

TURBINE 

PARTS 


Literature is available 
describing Lapointe Broaching 
Machines, Tools, and Fixtures — 
and telling what they 'will accom- 
plish in your plant to speed produc- 
tion and reduce costs. 

Ask for Bulletin AW-19 


LAPOINTE 


MACHINE TOOL COMPANY 
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The new streamlined R&D organiza- 
tion consisting of eight laboratories and 
one services branch is grouped into the 
following four divisions; 

• Sjstems. Responsible for integration 
of sub systems into super systems and 
tailoring these super systems to the 
needs of various operating commands 
(TAG, ADC, SAC, and MATS). 

• Equipment Development. Responsi- 
ble for developing and supervising the 
development by outside contractors of 
sub-systems such as radar, direction- 
finders, radio communications, long- 
distance navigation, and data link. 

• Electronic Warfare & Techniques. 
Responsible for dcs’eloping ground- 
based electronic countermeasure tech- 
niques and equipment as well as explor- 
ing new techniques applicable to all 
hpcs of ground-based avionic equip- 

[ • Engineering Support. Responsible 
I for providing general engineering seev- 
! ices such as drafting, test insfrumenta- 
' tiem and mechanical design and test 
laboratory facilities for evaluation of 
equipment developed for RADC. 

► Scmi-Aiitonomous Operation— RADC 
lias set up each division to operate 
with the greatest possible aiitonomv. 
Whereas administration functions pre- 
viously had been performed for all labs 
by a single separate diWsion. each of 
the four divisions now has its own ad- 
ministrator and Plans and Operations 
section for handling administrative and 
financial affairs of the division. A cen- 
tral P&O office, under the deputv for 
R&D, handles onlv those problems 
that cut across divisional boundaries, 
Schulte indicates. 

Wherever possible R&'D functions 
have been decentralized. For example, 
representatives of the operating AF 
commands (SAC. TAC, and ADC), 
who were formerly in the Requirements 
Branch of the Central Plans and Opera- 
tions Office, recently have been trans- 
ferred to the Systems Division where 
thev can be closer to ssstems planning 
to direct R&D actMties toward their 
tactical needs. 

M'hcn the new R&D structure went 
into effect, RADC reshuffled as many 
as possible of its existing programs to 
fit them into the new .setup. A few 
nrograms, which would liavc suffered 
bv a midstream transfer, \s-cre con- 
tinued under the old setup, Howeser. 
all new projects that have come in 
since January have been assigned under 
the new organization struchire, 

► Meets Indisidiial’s Needs— Schulte be- 
lieves the new organization is better 
suited to tlie professional needs of in- 
dividual R^DC engineers. He points 
out that some technical people like to 
become long-haired researchers in a 
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iiarrosv segment of tlieir field; they 
don’t want to be “bothered” with con- 
verting ideas into tactically useable 
■ffiardwarc.” This type of man would 
find the Research and Applied Tech- 
niques Laboratory of the Electronic 
Warfare and Techniques Division to 
his liking, Schulte says. 

Other engineers want to be special- 
ists in broader fields, like traffic control 
radar, communications, or computers. 
These men usually like to get their 
hands on actual equipment and work 
it; they find their niche in the ^uip- 
ment Development Division. 'ITrerc 
are still others who are not too inter- 
ested in the internal design details of 
a radar, or a computer- Instead, these 
engineers prefer to appiv these sub- 
systems to the solution of large-scale 
tactical problems. These men find a 
home in the Systems Division. 

To get ii more detailed picture of 
RADC's current activities and accom- 
plishments. Aviation Week talked 
with manv of the division and labora- 
tory chiefs. Here, within the limits im- 
posed by security, is the picture. 

Systems 

The Systems Division functions, in 
many respects, as an engineering staff 
for the various AF operating commands, 
i.e. Strategic Air Command, Tactical 
Air Command, Air Defense Command 
and Military Air Transport Service. The 
Systems Division's job is to find out 
what tactical problems face the operat- 
ing commands and then to figure out 
how ground-based avionic techniques 
can be applied to solve them, 

Another major objective for this divi- 
sion is to see that RADC sub-system de- 



Waneu S. Dunn 
Chief, Systems Division 







AIRWORK maintains a million dollar inventory 
of factory new aviation supplies from 21 leading 
manufacturers. For example, we are Factory 
Distributors, maintaining one of the largest, 
most complete stocks of parts for Pratt & 
Whitney Aircraft. Rapid turnover assures you 
of up-to-date parts. 

AIRWORK has an exclusive follow-up system 
on those scarce parts that must be back ordered. 

This system guarantees on-time delivery without 
the need of a re-check on your part. 

ORDER HERE 

•tt MIRvHIt, N . ). 

* WashinHon, D. C. 

2707 Stvtn OikItnil SI. 
AiUnflon, Va. 

H Miami, FhKliIa 
StiS N. W. 3Rk St. 
Miami Sprints, Fla. 


Rirwork 

■ ■corporation 

MILLVILLE, NEW JERSEY 

(fOR OIRCCT WIRE SERVICE FROM NEW VORI 
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Cet one of these AMERICAN ELECTRIC "Packaged" Units! 
Whatever your ground power supply requirements— standard or 
special-you can get the exact unit best suited to your needs from 
American Electric. These high frequency power supplies are built 
with many motor-drive variations. Units arc complete with d.c. 
exciter-regulators, ready to connect to your 60 cycle mains, 
Exclusive inductor-alternator design eliminates all springs, slip 
rings and brushes . . . maintenance-free as its grease-sealed ball 
bearings! Light in weight, compact, quietl 
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\’cbpment efforts arc directed toward 
specific tactical needs. The Systems 
Division will be able to exercise this 
control by drawing the pursestrings 
tight on an\- project which has no po- 
tential tacti^ use. On the other hand 
the division must be constantly alert to 
areas where development work is needed 
in order to provide the necessary build- 
ing blocks for its super systems. 

► Systems Division O^anizatiou— ^Va^- 
ren S. Diinn, a veteran of a dozen sears 
with RADC and its predecessor labs, 
heads tlic 100-nnin Svstems Division. 
Of this numlrcr, approximately 50 arc 
civilian engineers and 10 are military 
personnel with technical backgrounds- 
'Ilic group is suhdis’idcd into three 
iaboratorics, according to tlic operating 
command for sshom thes' n'ork: 

• Tactical Air Command lab. 

• Strategic Air Command and Military 
Air Transport Service lab, 

• Air Defense lab, 

'ITre TAG lab gets approximatclv 
50% of this division’s efforts, and the 
other half is divided appro.vimately 
equally between the otlier two labs, 
Dimn reports. Hmveser, lie adds that 
tliis breakdown is subject to change as 
new programs come in and old ones arc 
finished off. 

Tlic Ss’stems labs normallv look to 
tlic Equipment Development Dirision 
and its outside contractors for all of the 
basic biiilding.block subsystems wliich 
make up the super (ucaoons) svstems. 
One exception is what RADC people 
call "green boxes,” These are special 
"black boxes” needed to tic together 
standard equipments into .super sys- 
tems. By allowing Systems Division 
engineers to develop or guide the out- 
side dcselopmcnt of "green boxes.” 
svstems engineers maintain tlicir tech- 
nical competency and avoid becoming 
mere oaocr-plannine cneineors. 

►TAG l^b Activities— The new weap- 
ons sy stem under way in the TAG lab 
is intended to keep a TAG field com- 
mander continnouslv informed as to the 
disposition of his own and cnemv air- 
craft and ground forces. Information 
from mobile radars and ground observ- 
ers will be funnclcd into a central in- 
telligence point. 

By means of automatic computers 
fdata handlers), this information will 
be correlated and digested to give the 
field commander a single presentation 
on the status of the battle area. From 
this same central r)oint, the field com- 
mander will be able to exercise control 
over aircraft at his disposal. 

The broad objective of the program 
is to olitain greater centralization of 
battle intelligence in less time, with 
more automaticitv. Dunn doesn’t ex- 
pect the T.^G system to liavc as much 
automaticitv and consequent com- 
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If Complex Mechanisms are your Problem.. . 

THESE MONROE MEN CAN HELP YOU! 


Have you ever seen the complex assemhly of 
thousands of cams, shafts, gears, levers, springs 
and screws that enahle the nioilern desk eah-u- 
lator to jicrform its lightning eoinpnlation? 
Or the inlinilely more labyriiilhine innards of 
today’s electronic eoinpnlcr? 

The Monroe Calcnlating .Machitte Co. has been 
making arilhinetie mechanisms for -iO years imd 


is a pioneer in the development of the electronic 
computer. We arc superbly cquipyied to create, 
devrdop and [iroduee the most eomjilex devices, 
as witness the ruggedly reliable eleetroiiic eom- 
puters now in use by the Air Force. 

If von need help in this vital and specialized 
Held— research, development or inHiiufuctiirc — 
write to our .Armed Forces Liaison Dept. 


MONROE CALCULATING MACHINE CO., ORANGE, N. J. 
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STRiNGTH 
POR HIGHER SPEEDS 
AND HEAVIER LOADS 

Republic's new fighter has a top speed much eteoter | 
than the 600 roph of its sister model, the F-84G. It 
also comes mote armament than the record-breaking I 
loads of the F-84G. Its wing spaa of only 34 feet must 
support a take-off weight of aWt 25,000 pounds, re- 
quiring structural strength undreamed of only a few 
years ago. 

The speeds and loads of the Thunderstreak, and of 
other modem aircraft, are made possible tiuougfa in- 
e of forgings ... in the power plant and in 
. . because forgings alone can provide 
lulled. 

A pioneer in feging titanium. Consolidated Indus-' 

^ record as a supplier of forgings 

, for the Thunderstreak . , , and for dozens of other 

airaaft and jet engine manufacturers. Consolidated 
Industries has the practical knowledge and experience 
to help you. Please write Dept W6. 

CONSOLIDATED INDUSTRIES, INC. 

West Cheshire, Connecticut, U.S.A. 

IVest Coo« Representative: A. C. Steams Co., 3911 Son Fernando Rd., Glendale, Calif. 
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picxity as the air defense system under 
dcs'clopment by AKCRC and Project 
Lincoln. 

► Mobility the Keystone— For one thing, 
the keystone of the TAC system must 
be mobility, giving it freedom to move 
with the fluid battle area. The station- 
ary, U.S.-based air defense system can 
set up equipment in duplicate or tripli- 
cate in the esent that complex primary 
equipment fails. However the mobile 
TAC system won't be able to afford this 
luxury and so must forego unnecessary 
automaticity. 

Secondly, the air defense system can 
have a permanently based well-trained 
set of specialists, test equipment and 
spare parts always available for main- 
tenance; whereas maintenance and 
supply are much more difficult in for- 
ward combat areas where TAC must 
operate. 

Because of the similarity of portions 
of the ADC and TAC missions, RADC 
will be able to use some of the ADC 
sub-system equipments, although in 
some cases these must be repackaged 
for vehicular use. Dunn cites a par- 
ticular type of computer, now going 
into production, wliich. with minor de- 
sign compromise, was made suitable 
for both the TAG and ,\DC weapons 
systems. 

►Within the TAC Lab-Thc TAC lab 
is divided into three sections. One, 
called Systems Analysis, works closely 
with TAC to determine its operating 
needs and requirements. For example, 
how many targets must the system be 
capable of handling? How big an area 
of interdiction must the system be 
capable of covering? If TAC asks for 
the impossible, or states requirements 
beyond the present state of the art, the 
Systems Analysis section must negotiate 
a satisfactory compromise with TAC on 
its requirements. 

► Implementation— When tliis has been 





RADC's l,200*ft. antenna is used in long* 
range navigation system studies. 
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done, tire Analysis section draws up a 
system specification and tiinis it over 
to the Ssstcins Implementation section, 
riiis group is charged with guidance 
Ilf the Kquipiiient Deicloinnent Di- 
vision to bring needed dcscUipment 
along at tlic proper pace- so that all sub- 
svstcins will be available whe-n thev are 
lieede-d. 

If certain new airborne equipment 
is needed for the system, the linple- 
inentation section engineers sec to it 
lliat Wright Air Development Center 
launches the needed dcve!(i|nncnt and 
then coordinates \\'.\DC and R.\DC 
efforts. 

► “Ctecn Box" Group— If special “green 
boxes" are needed for the system, the 
third lab section-Systein Integration 
and Evaluation-initiates the necessary 
deiclopmcnt, either within R.^DC or 
by outside contractor. 

When portions of the super-system 
are developed, this same section tests 
and evaluates tlicir pcriorinance, to see 
how closely they meet the- s} stcm speci- 
fications. 

During the course of the program the 
Analysis section is continuously working 
with TAC, revising specs where neces- 
sary to meet nav-found TAC needs, or 
modifying the specs when new dci clop- 
ineiits in the art make improvements 
possible. 

► Inside the SAC & MATS Lab-Oi er- 
all weapons system responsibility for 
S.AC is assigned to W'ADC. which in 
turn subcontracts the long-range com- 
munications and navigation and some 
!I''l'' problems to RADC's SAC aivl 
MATS lab. MATS work is thrown inb. 
the same "hopper” because its long- 
range communication and naiigafion 
|)rohlcms ate somewhat akin to tho-.e 
of SAC, 

The most interesting system project 
in this laboratory (at least the mo t 
interesting one about wliich R.ADC is 
willing to talkl is the automatic tw*!!- 
control and landing system with it, 
letum-to-basc computer. This system 
has a|jplication to all of the Ah"s operat- 
ing commands despite the fact it is 
a.ssigncd to this lab. 

► Getting Tlicm Home— The rctum-to- 
base phase of militari’ jet operations is 
called one of the “most critical” by 
I. J. Gabelman. chief of the SAC and 
M.ATS lab. Military jets can be ex- 
pected to return to base with little fuel 
in their tanks and many may hai’c 
suffered battle damage. 

Because jet fuel con.suniption runs 
2i to 3 times greater at sea level than 
at high altitudes, jets must stay at lligli 
altitude until ready to land and then 
make a very rapid descent, approach, 
and landing. For example, jet fighters 
descend at the rate of about 4.000 
ft. /min.; jet bombers at about 2,300 



Guarding vital flniihet ... of Wright jet 
housings with PERMACEl Paper Tape. No 
doubt there is an important use for 
PERMACEL on your jobs. Our Tape Engi- 
neering Service ean give you the answer 
. . . without obligation. 


PERMACEl: 

PRESSURE SENSITIVE 

PAPER TAPES 
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The A.C.M.I. Borescopcs 
pem^it close-up visual 
examination of interior areas 
and surfaces not otherwise 
visible. They save time 
and money, and prevent costly 
dismantling, by providing 
a practical solution to a wide 
' variety of inspection problems. 

U maintenance and inspection work, 
on small internal bores, machine 
parts or castings, to large boiler tubes, 
chemical plants, process equipment, or 
other industrial installations, an A.C.M.I. 
Borescope may be the answer to your problem. 

Each Borescope is a compact, self-illuminated 
industrial telescope of highest quality, employing 
a precision optical system, that produces a flat 
visual field. Lens systems are fully corrected for 
color, spherical aberrations, and coma, with all 
lens surfaces coated to increase light transmission. 

Write for free informational folder, or tell us your problem. 

/ dimefliem C^stosape 

-- I LAFAYETTE AVENUE NEW Yi 
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►Deft Traffic Control Needed— 'IVaffic 
control for niilitar\' jets must be effi- 
cient, speed)', anti certain. If a jet 
fighter or bomber misses hi.s first ap- 
proach, he ma)' not have enough fuel 
left to make a second attempt. Ap- 
proach and landing must be speedy so 
that an entire flight can be landed be- 
fore the last-in-line planes run out of 
fuel. Gahclman says RADC is shooting 
for a landing rate of two aircraft per 
minute per runway. 

Tlic problem can be viewed this way: 
Every 50 seconds a “slot” becomes 
available for landing an airplane. Unless 
an airplane is ready to fill that landing 
slot, it is gone and lost forcser, and the 
penalty may be the loss of one or more 
aircraft that run out of fuel. 

RADC bclicscs the solution must be 
an automatic computer which contimi- 
ousl)' can take into account the many 
variables involved and program a close- 
order approach of dozens of aircraft 
without danger of collision. 

R.ADC expects to have a single- 
channel cxpctimcntal rctura-to-basc 
computer ready for flight test tliis fail 
and plans to award a contract for a 
multi-clumnel unit during the present 
fiscal year. Gahclm.in hopes to be able 
to demonstrate tliis unit by early 1955. 
► Ho«' It Works-Ground-based radars 
will pros'idc the computer with informa- 
tion on the position, speed, heading, 
altitude, and identity of every aircraft 
approaching within "X" mi. of an air- 
drome. 

As soon as the plane enters this area, 
the computer will determine instantly 
the plane's earliest possible time of 
arrival at the GCA Gate (start of tlic 
fin.il approach patli.) lire computer 


will then scan its memory for the first 
tacant landing slot whicli will be as- 
signed to tlic aircraft. 

► New Heading- 'Die assigned landing 
slot iniglit be 50 see. later than tlie 
earliest possible time of airplane arrival, 
ill which case the computer calculates 
a new fliglit path licading which will 
bring the airplane to the GCA gate at 
the desired time, lire new heading can 
be transmitted by radio to the plane’s 
flight crew, and this is what will be 
done in tlic early phases of the program. 

The next step is to make the s;stcm 
more foolproof by giving the ground 
station control of the airplane’s flight 
path via a radio data link whose signals 
control the plane throiigli its automatic 
pilot. 

► Continuous Monitoring— Tltc tc- 

him-to-basc computer will monitO' 
continuously the position of all aircraft 
and may. on occasion, have to revamp 
the previously assigned schedule of ar- 
rival because of iinforseen events. Hu- 
man operators on the ground will be 
able to cause tltc computet to give spe- 
cial landing priority to disabled aircraft, 
wltcn .so notified by the plane's crew. 

RADC liasii't been able to dream up 
a wav to detect battle damage auto- 
matically yet. 


Asked whetlict tlic rctum-to-lwsc 
computer would be tlic analog or digital 
type, Gabclnian replied that it would 
be eitlict pure analog, or .i mixture of 
the two, but not pure digital. “Wc 
can't afford anj- down time,” Gabel- 
man said, voicing a frequently heard 
complaint about tbc present state of 
digital computer reliability. 

► Automatic Approach and Landing— 
RADC has one portion of its super 
traffic control system ahead)' “under its 
belt." 'Iliis is automatic CCA, an ex- 
panded version of grotnid<on trolled 
approach radar which permits an auto- 
matic approacli s ia the airplane’s auto- 
pilot approach coupler and simiiltanc- 
oos!)' gives the pilot ILS-type steering 
information in the cockpit. 

Gilfillan Bros., liic., is currently go- 
ing into pilot production on AGCA. 
following several scars of test. AGC.^ 
is, capable of handling simultaneously 
up to six aircraft in final approach. 

► Flare-Out and Landing— Tlic third 
jsottion of the system under investiga- 
tion at RADC is an automatic flare-out 
and landing system. An cxtremcly-high- 
frequency ground-based radar will be 
used to determine the plane’s liciglit 
above ground (to an expected accuracy 
of two feet) and tliis infoniiation will be 
transmitted to a small fl.irc-out computer 
in the airplane. 

This dcs'ice will operate through the 

autopilot to bring the aircraft in for its 
landing. Because of its intimate rela- 
tionship to other parts of the system, 
tlie airborne flarc-out computer is con- 
sidered a "green box” and is therefore 
under development bv the SAC and 
MATS lab. 

The SAC and MATS Lab, like the 
TAG Lab, is divided into three sec- 
tions. eaclr with responsibilities similar 
to their TAC counterparts. Ilicsc sec- 
tions are: Analysi.s, Implementation, 
and Planning & Requitements. 

► Air Defense Lab-RADC is a nuijor 
subcontractor to AFCRC and Project 
Lincoln in the area of air defense. 
Systems supervision and guidance of 
this work is concentrated in the Air 
Defense loiboratory under J. \\'a!5h, 
'I'hc five sections of the laboratnry 
include: \5'capoii5 Systems, Data Proc- 
essing, Data Handling, Systems Test, 
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and Operational Equipment Improve- 
ment. The latter section reflects the 
current philosophy of Project Lincoln 
and AFCRC to use existing equipment 
wherever possiblc- 

Equipmenf Development 

Largest of the four R dr D divisions 
at RADC is Equipment Development 
which is responsible for bringing 
through new and/or improved radar, 
eomniunications, data handling, direc- 
tion finder, and navigation equipment 
projects. 

Most of the dc\el(ipmcnts arc per- 


formed by outside contractors. Tire di- 
vision numbers approximately 300 peo- 
ple, including 100 engineers, and is 
divided into two laboratories, identi- 
fied simply as “No. 1” and “No. 2.” 
Lab No. 1 is essentially a radar/mi- 
ctowar c group and Lab No. 2 is largely 
devoted to lower-frequency communica- 
tions and navigation, according to Al- 
lan A. Kuii7.e. dis’ision chief, who has 
spent more than 10 years in RADC 
and predecessor Signal Corps labs. 
Howes'er, there are enough exceptions to 
these broad definitions of lab responsi- 
bilit)’ that RADC decided it would be 
better to identify the labs by nonte- 
strictivc and undescriptire numbers 
rather than bv names. 




Alan A. Knnze 

Chief, Equipment Deselopiiicnt Div. 


A list of only a fesv of the Equip- 
ment Development Division's current or 
recently completed projects includes: 

• Communication zone indicator. A dc- 
s'ice for determining the best fre- 

3 ucncy to use for communications uu- 
er existing atmospheric conditions. 

• Precision long-range navigation. Svs- 
Icras for use in missile guidance or de- 
termining the point of bomb release 
from a piloted aircraft. 

• Speech compressor. A system de- 
signed to squeeze more useable chan- 
nels into the crowded radio frequency 
spectrum by compressing the required 
bandwidth from 2:3.000 cps. to a mere 
1 00 cps. 

• Data link. A narrow-bandwidth radio 
telemetering technique designed to 
transmit steering and guidance infor- 
mation to individual aircraft for display 
in the cockpit or for controlling the 
airplane's flight path through its auto- 
matic pilot. 

• More secure IIT': .A much improved 
system to enable ground radars to iden- 
tify aircraft as friend or foe with greater 
assurance that the enemy has not 
broken the II'E svstem code. 

• Multi-runwav C5CA, A new technique 
for mounting GCA on a turntable 
which can be rotated to allow a single 
GCA to cover instrument approaches 
from either direction and on more than 

►Lab No. 1 Activities— Knowledge of 
what the enemy is doing is the key to 
military strategy. In aerial warfare^ ra- 
dar is the most important source of 
such militan' intelligence. This ex- 
plains why so much RADC effort is 
going into ground-base radar develop- 
ments, according to Ernest Storis 
chief of Lab. No. 1, which guides de- 
vclnpmciits in this field. 

lliis lab is divided into four sections: 
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aluminum e 


The ever increasing demand for airplanes with 
more speed, higher altitude and longer range, 
multiplies assembly operations and slows down 
production. To keep abreast of these demands 
progressive aircraft manufacturers make fullest 
use of the speedup potential inherent in alumi- 
num extrusions. Harvey Aluminum is a com- 
pletely integrated facility with long experience 
and a special interest in the special problems of 
the airframe industry. Our staff of research 
engineers, metallurgists and designers will help 
you from the inception of your idea to final in- 
stallation of your finished extrusion. Why don't 
you call a Harvey Field Engineer? 


HARVEY 

Xalutninum 


KVISION OF HARVEY MACHINE CO.. INC. 

rORRANCE, CAtIRORNIA 
8RANCH OfRICeS IN PRINCIRAt CITIES 






There is one characleristic common lo all 
Ciannini instimnenta — they are built to 
rigid, instrument-quality standards. They 
are instruments with an earned reputation 
of offering the utmost in mechanical and 
electrical fineness — resulting from outstand- 
ing craftsmanship and rigorous calibration, 
testing and inspection procedures. Your 
job requirements can be met or exceeded 
by Giannini IQ instruments. 



F or catalog and engineering data 
on these and other 

fine instruments write: 


tEMPEUTUtE 0E\ 

Far high or lo 


r 



( Giannini 




- OIAKNINl a CO-, INC., PASADENA, CALIFORNIA, EAST ORANGE, NEW JERSEY 
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Radar Search & Height I'inding (Sur- 
veillance), Guidance, Beacons, and Ter- 
minal Area. 

Although there has been consider- 
able improvement in radar precision 
and range since World War II, Stons 
says that there is a continuous program 
for further improvement. 

Current work is directed toward 
higher powers for greater range and 
improv«i MTl (moving target indi- 
cator) techniques to discriminate better 
between time targets and ground or 
iitmospheric clutter. Another objective 
is to improve equipment reliability 
through better components and try cut- 
ting the numbers of tubes requited. 

► Step-by-Step Process-Radar improve- 

ment is essentially a slow step-by-step 
process which must await the develop- 
ment of more powerful magnetrons, 
more sensitive receiver circuit designs, 
higher-gain antenna designs and the 
like, says John Cruickshank, head of 
the Radar Search and Height Finding 
Section. ® 

The TAG weapons system program 
has raised new problem's. Radars and 
their associated operators and mainte- 
nance shelters and power supplies must 
be repackaged for mobile front-line use 
and redesigned to withstand its rigors. 

Cruickshank likes the neu' Systems 
Division role of giving guidance on 
the tactical requirements for new equip- 
ment, In the earlier postwar days, he 
Mys, tlicre was too little tactical usage 
information available for engineers 
charged with drawing up equipment 

► Big Business— The size and comple.x- 
ity of grouncl-liascd surveillance radars 
usually limits their dc\'clopment to a 
feiv of the larger companies. A single 
sureeillance radar may cost up to sf.5 
million, and a recent production con- 
tract amounted to $50 million. Cruick- 
shank says- Major ground-based radar 
suppliers arc General Electric and Ben- 
dix Radio Division of Bendix Aviation. 
Other principal suppliers include RCA, 
Westinghousc, Croslcy, and H.izcltinc. 

Military security prevented Storrs 
from saying much' about tlie activities 
of the Guidance Section of l^b. No. 1. 
except tliat the precision being sought 
for missile guidance is higher than 
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How the windshield panels 


of Lockheed’s Super Constellation 


are glazed with electrically-heated 
"NESA” Glass 



report from 

THE PITTSBURGH 
AIRCRAFT GLAZING 
FILE 


T uiisk drawings show you a method of uistalliiig electrically-heated NESA- 
coated Glass without the use of integrally-attached metal retainer rings. 
They are details of the center windsliiekl of Lockheed's 1049 Super Constel-"^ 
lation, a piano widi high-speed and high-altitude operations that make NESA 
Glass particularly suitable. 

The NESA windshield used here consists of one piece of seini-tcmpcrcd 
and one piece of full-tempered glass with a \ iiiyl filler between. Electrical 
current, canied by the NES.A coating of the inboard surface of the outboard 
glass, prevents ice formation and gives freedom from frost and fogging, NESA 
is also used on the adjoining forward glass areas, and the other four cockpit 
openings are glazed with Pittsburgh Flexseal. 

The x'inyl surface is undercut to achieve flush mounting of the external 
retainer ring. This method of installation permits the use of narrow posts that 
provide the least possible obstruction to vision. This bird resisting assembly 
is engineered for maximum “double” safety as the vinyl filler is capable of 
carrying flight loads and the pressurization of 4.5 p.s.i. even though one or 
both pieces of glass were accidentally broken. 

Working together, Lockheed engineers and Pittsburgh Plate Glass Com- 
pany technical representatives designed this installation, and the same kind 
of tk'hnical assistance is available to you from Pittsburgh representatives. 
Your glass and glazing problems will be carefully considered in the light of 
our years of experience vvitli tlie nation's major aircraft manufacturers. For 
complete infonnation. write to Pittsbmgli Plate Glass Company, Room 3310, 
632 Fort Duquesne Boulevard, Pittsburgll 22, Pa. 


K." SEMi-reMPE»ED Gi 
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RADC has yet achieved. Stores points 
out that a radar system used in missile 
guidance could also be used in tactical 
bombing to determine the point where 
bombs should be released. 

► Radar Beacons Improved— The ll’I' 
system now in use is "far superior to 
that used in World W'ar 11” from a se- 
curity standpoint, Storrs says. (The 
present airborne and ground-based IFF 
equipment were developed under 
RADC sponsorship but ^VADC has 
the responsibility for packaging the 
airborne unit to its own requirements.) 


► World Wat II Models-lhc IFF 
hurriedly developed during World War 
II had only four different codes, Storrs 
says. 

The Germans were able to get details 
on our IFF design from aircraft shot 
down over occupied Europe and dupli- 
cate it for tlieir own aircraft. Then 
tliey had only to determine the “code 
of the night” by monitoring our air- 
craft, and they could notifv' Gcniian 
intruder aircraft to set their U. S.- 
copied IFF beacons to give a "fticndlv” 
response to our allied radar interre^a- 

► Better Beacons— Ground-based radar 




beacons, used for bonibine and navi- 
gation landmarks by radar-equipped 
aircraft, have been reduced to about 
one-quarter of their World War II size, 
as a result of miniaturization techni- 
ques, Storrs says. In addition, these 
beacons now operate at higher peak 
powers giving longct-range operation. 

Possibly the most important im- 
provement, however, is in increased 
beacon reliability. 

► Tenninal Area Aids— Tlie Civil Aero 
nautics Administration’s air surveillance 
radars (ASR) and precision approach 
radars (PAR), which liave done so 
much to improve traffic control and in- 
strument approaches at our larger civil 
airports, are adaptations of similar ra- 
dars first developed hv RADC and its 
predecessor, Watson Ilabs, according to 
Storrs. 

Another R.ADC development, airport 
Surface Detection Eauipment (ASDE), 
a high-frequency radar used at night 
and during bad weather at large air- 
ports to “see” taxiing aircraft on run- 
ways and taxiways, evoked very fav- 
orable comment during a year’s trial 
at the large N. Y. International Airport. 
(.Aviation Week Sept. 29, 1952, p. 87). 

These and similar airport aids are de- 
veloped under the guidance of the 
Terminal Aids Section, headed by D. E. 
Waxier. One recent development, dis- 
closed here for the first time, may also 
hold considerable promise for civil air 
operations. 

► Multi-Runway Type GCA— Permanent 
GCA installations nonnally ate sited 
and aligned for conventional upwind 
landings based on the prevailing wind 
direction which most frequentlv exists 
under instrument weather conditions. 
A sudden reversal or change in wind di- 
rection under these conditions either 
requires a more hazardous downwind 
landing or results in landing delays. 

Mounting GCAs in mobile trailers 
is not a safisfactorv solution to this 
problem because of the time and trouble 
involved in moving and realigning them. 

RADC's solution is a large turntable 
which mounts and can rotate an 
AN/FPN-16 precision approach radar 
through 360 deg. (in its production ver- 
sion) in a little over 3 minutes, making 
lire instrument runway usable from 
either direction. For manv airports, the 
turntable can be sited so that it serves 
additioirai runvrays, making them all 
instrument runwars. 

Tire device, built by Craig Machine, 
Inc., of Danvers, Mass., is calibrated 
when installed to acciirafelv align itself 
to any serviceable runway at the push 
of an appropriate button. The original 
dcv'elopment model is prcsentlv in- 
stalled at Grilfiss AI'B in Rome and 
production vcrsioirs arc currently going 
in at the important military air base.s. 

► B-29 or F-86?— If ground-based radar 
engineers had their way, they’d liang 
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pnipdlcrs on jet fighters, because props 

E re.scnt a large cfFectisc surface to 
ounce radar energy back to its source, 
compared to the small frontal reflecting 
area of the jet fighter airframe and 

Since airframe manufacturers would 
take a dim view of such an addition to 
their sleek airframes. R.ADC has had to 
come up with Other fixes. The prob- 
lem is aggrasuted for PARs which oper- 
ate at three cciitinietcrs (navtkngth) 
because at that wavelength radar energy 
is seriously attenuated under conditions 
of moderate rainfall. 

The Terminal Area Section lias de- 
vised a gadget which makes an F-86 jet 
fighter show up as well as a B-29 on a 
F.AR radar scope, A^'axlcr says, and it 
adds onh' one pound to the sveight of 
flic fighter. 

► Comer Reflector— The gadget is a 
small "corner reflector” which is at- 
tached to the airplane in such a way 
that it is extended during the final ap- 
proach luit refracted at all other times 
so as to present no aerodynamic drag 
and so that it won’t sere as a t.irget 
for enemy radars. 

•A comer reflector, consisting of three 
inuhially perpendicular intersecting 
metal plates, bcam.s back all radar en- 
ergy .striking it nithiii an angle of 40 
deg., fl'crcby creating the effect of a 
miirli larger target. 

AA’axIcr admits that aircraft inamifac- 
tiircrs were skeptical of the idea at first, 
but he says that tlicv now are giving ex- 
cellent cdopcration in the production of 
the reflector. 

► Large Transports I’oo?— RADC is cur- 
rently trying out a larger comer reflector 
on a large piston engine MATS trans- 
port to sec if it will improsc radar 
pickii]) during licrny rainfall. Ilonc'Cr. 
Waxier cautions tliat the sizeable radar 
echoes from the airplane itself might 
get out of phase with those from the 
comer reflector, in which event the two 
would tend to cancel each other, giving 
a [jiiorcr target on the scope tlian would 
cirdinarily be required without the rc- 

If R.ADC works out a satisfactory 




AS A PRECISE TOOL 


ENTIRE CHUCK BODY HARDENED INSIDE and OUT. . .TAPERED 
CHUCK BORES HARDENED AND GROUND TO CLOSE TOLERANCES 

SUPREME Brand CHUCKS ore expertly engineered to give lop performance In 
the field. Jaws are of nickel chrome moly alloy steel expertly heat treated . . . 
key holes do not extend into body cavity thereby sealing out dirt . . . entire 
chuck Is hardened inside end out . . . one piece geared nut construction. Careful 
precision manufacturing produces a chuck thol gives long trouble-free service 
in the field. 

Your investment in Supreme brand Chucks Is a wise one for they will give the 
kind of service that stretches your dollors. 

SUPREME 

Supreme Products, Inc., 3222 South Calumet Avenue, Chicago, Illinois 
THE CHUCK THAT LIVES UP TO ITS N A M E . . . S U P R E M E 


CHUCKS 
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LARGE I'URNTABLE enables this GCA to be quickly uligned to several runways. 


solution, it would be applicable to ait 
liners and CAA PARs which have simi- 
lar problems during heavy rainfall. 

► 'largets in the Rain— Mcanwliile 
R.ADC has applied other techniques to 
improving the target return of all sizes 
of aircraft during heavy rain. One is 
the use of quarterwave plates to give 
PAR radar energy circular polarization 
instead of its normal horizontal polari- 
zation. W'hcu tliis is done, radar echoes 
from aircraft return in normal fashion, 
but those from raindrops find it almost 
impossible to reenter the radar antenna 
from whicli they earlier emerged. 'Plus 
greitly reduces rain haze on radar 
scopes, making the target stand out 
more prominently. 

Circular polarization is being used in 
AN/CPN-18 surveillance radars and in 
llie CAA's newest ASR-3s, built by 
Bendix Radio. Waxier savs. Another 
RAGC technique for reducing rain 
clutter is the use of nciv-design MTIs. 
applying information tlicory developed 


by Wiener of MIT and Shannon of 
Bell Telephone Labs. 

► Automatic GCA— Automatic GCA, 
first eonstmeted after the war in Watson 
Labs, according to Storrs, consists of a 
cons’cntional PAR (AN/KPN-I6) plus 
a set of tracking computers and acces- 
sories. Tlicsc enable the AGCA to give 
the pilot an ILS-type cockpit indica- 
tion and furnish automatic steering 
signals to the plane's autopilot in addi- 
tion to the fiimiliar aura] talk-down. 
AGCA. identified in official parlance as 
GSN-2, can simultaneously handle up 
to six aircraft in final approach. 

The “G" in GSN-2 indicates that 
tlic equipment is ground based; the "S” 
tliat it is a mixture or combination of 
radio and radar, and thc"N” that the 
device is used for navigation. 

.Another R.ADC conception is the 
radio direction finder indication pres- 
entation on .ASR radar scopes, to make 
it easier to identify individual aircraft. 
►Scope Indication— .As the airplane 


NAVAGLOBli, loiig.distuiicc oninicaiigc-ry|)c navigation system, is under RAt)C test. 
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REM-CRU TITANIUM 


facts about a new metal for the aviation industry 


Titanium is superior to other slrurtiiral metals in 
terms of strength-to-weight ratio. Ami its corrosinii 
resistant properties are remarkable, loo, To acquaint 
you more fully with its characteristics, here are other 
facts about this new ductile metal. 




Formini Properties -You can form airframe 
sections of titanium on the same equipment you use for 
forming stainless steel. Most forming of RC-70, ihe 
standard commercially pure grade of RICM-CRU 
titanium, is done at room leniperalure. More difficult 
forming operations with RC-1 30A. a titanium alloy, 
are usually carried out at moderately elevated 
temperatures such as SOO-‘JOO F. The forming is best 
dune slowly, without rapid or severe deformations. 

You can also shear and punch titanium with the 
same die setup as you use for stainless steel. Titanium 
parts can be stretch-formed, or formed on a hydro- 
press or drop hammer. But in these cases, too, you 
should perform the work at moderately elevated 
temperatures, 


Application to DC-7 —A good example of the 

use of titanium is provided in the new Douglas DC-7 
airline transport Here the use of RLM-CRU titanium 
in place of aluminum alloys and stainless steel in 
nacelles and firewalls effects weight savings for thr 
Douglas Aircraft Company of approximately 200 
pounds per airplane. These sections are formed from 
RC-70 sheet, in gauges varying from .016" to .060" 
and lengths up to 120", Douglas stretch-forms the 
nacelle skin at room temperature. They shape ribs and 
stringers by brake or roll-forming, then slretrh-form 
them to the proper curvature. In the assembly 
operations Douglas both spot welds anil rivets the 
titanium scriions. 


Availability — RLM-CRL'— a principal producer of 
titanium— makes bars, jdates, sheet, strip, wire, 
tubing, forgings and billets in four grades. RC-55 
and RC-70 arc commercially pure grades; RC-130A 
and RC-130B are titanium-base alloys. We are 
currently expanding melting and mill facilities so that 
within a year our production will increase several fold. 


REM-CRU 

TITANIUM 


To keep abrens( o/ (he InlesI dexelopmenls on ihU viint 
melal icrile for the Rem-Cru Revien-n free periadied 
deBOIed to Ihe opptienrion and tubrkiilioti oj lilrmiiim 
and iu alloys. 


REM-CRU TITANIUM, INC., MIDLAND. PENNSYLVANIA 
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transmits over its communications set, 

groiiiid-basvd direction finder orients 
tlie direction of the broadcast and 
creates a tliin radial line on the radar 
scope which passes tlirongh tire air- 
plane's target blip, thereby idenfity- 
ing it- 

Ilie Terminal Area Section is guid- 
ing the development of the \ct\-high- 
freoiicncy radar which is to be used 
«ith RADC's automatic landing sys- 
tem. 'lire device must accurately estab- 
lish the height of an aircraft from the 
ground during the final phases of 
hmding and flare-out. Other section 


responsibilities include Consoles for con- 
trol towers and radar air traffic control 

► Making Failure Pay Off— People nor- 
mally don't talk about the developments 
that turned out to be impractical, but 
I'red Moskowitz. chief of Lab. No. 2, 
freely brings up one that failed badly 
to meet its original, but undisclosed, 
objectives-and turned out to have very 
important uses which no one had con- 
ceived of at the time the dcselopmciit 
wa.s launched. 

Somebody recognized that the spo- 
radic and unprcJictahle signal return 
from the skywavc could provide vitally 
important information. If there was 


licasy skywavc signal return at some par- 
ticular range and operating frequency, 
that meant radio energy (skywase) was 
getting through under existing atmos- 
pheric conditions to that distant point; 
little or no return— the signal was not 
getting through. This pliciiomenon 
could be used to determine tnc opti- 
mum frequency to use in radio com- 
munications. 

So the device was renamed COZi 
(communications zone indicator) and 
designed to pc-miit rapid switching of its 
operating frequency over the band. 
It, for example, an operator wants to 
find the best frequency for use in radio 
communications witli England, the an- 
teiina is pointed in that direction and 
its elevation angle adjusted uirtil the 
tange or distance of the ground clutter 
echo corresponds to the distance to 
England (corrected, of course, for the 
gcoinetiy of the problem). Then tlic 
transmitter frequency is varied until the 
maximum rctuniing signal is obtained— 
and that is the optimum communication 
trcquency at that time. 

► Lab No. 2 Activitics-.Most of the 
efforts of the 42 civilian engineers as- 
signed to Lab. No. 2 are spent in guid- 
ing outside deselopmeitts and assisting 
the AMC in production liaison, Mosko- 
witz reports. Only 10% of lab efforts 
go into in-house development, Tlic 
laboratory is disided into the following 
four sections: 

• I3F & Data Tiansmissiou. 

• Radio Communications Equipment. 

• Long-Distance Navigation, 

• Special Devices. 

► Versatile DF-One product of the Dh' 
& Data Transmission Section is the 
AN/CRD-6, a complete UIIF direction 
finding station capable of working more 
than six aircraft simultaneously and de- 
signed for remote operation. The sta- 
tion can be remotely tuned to any one 
of 10 pre-set crystal-controlled channels 
and can transmit its "findings" by cable 
up to five miles. Another section project 
i.s des'Oted to dcoeasing the bandwidth 
requirements for transmitting radar 
scope presentations from remote radar 
sites. By converting radar intelligence 
into a pulse code, RADC hopes to trade 
time for a narrower bandwidth to per- 
mit the use of conventional telephone 
wires for transmission instead of requir- 
ing expensis’c coaxial cable. 

► Radio CommuDicatioiis— The Radio 
Communications Equipment Section of 
Lab. No, 2 has responsifailitv for AF 
ground-based UHF and HF communi- 
cations gear, although the Signal Corps 
develops most of the ground-based I IF' 
equipment used by the three services, 
W'licrcser Air Force needs are unique, 
such as in mobile controllers, the work 
falls to this section. 

Great progress has been made in uni- 
fying the radio communications needs 
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solid rivets which are driven and bucked 
by conventional methods. But a vital 
minority are actually precision parts, 
such as Cherry Blind Rivets, of which 
as many as 250,000 are used in one 
super-bomber — 60,000 in a smaller 
fighter or transport. 

, These ingenious fasteners are set 
quickly and easily by one man from one 


side of the work with a special tool that 
pulls the rivet tightly into place without 
bucking, hammering or exploding. Blind 
rivets are virtually indispensable to 
modern plane construction as their use 
makes possible riveting in difflcult-to- 
rcach places, thus permitting freedom 
of design not possible with other types 
of fasteners. This feature also enables 
manufacturers to cut unit costs and 
speed production. 

Townsend's Cherry Rivet Division at 
Santa Ana, Calitornia, is dedicated to 
the production and perfection of this 
single product. Here, highly trained 
personnel using Townsend designed 
and built equipment devote their entire 
attention to the manufacture of these 
precision rivets which are matched and 


tested against an elaborate set of speci- 
fications in order to give the excellent 
performance required. The greatest 
portion of Cherry Rivet production 
goes into military aircraft and will con- 
tinue to do so as long as the nation's 
aircraft needs remain critical. 

Cherry Blind Rivets are only one of 
some 10.000 different types, sizes and 
kinds of Townsend fastening devices 
produced at its several plants. With all 
these items at their command, Town- 
send engineers are able to give you un- 
biased advice — help select or design the 
fastener best suited for your product or 
assembly methods- A folder describing 
Townsend fasteners which are used to 
increase efficiency and improve prod- 
ucts is yours for the asking. 
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of the tlircc scr\'iccs. p;!rticii]iuly in 
gr()iiiu]-l);iM'(] goir, reporta U.il|)li Matka. 
section chief. 

► Kxalted Carricrs-RADC is carrying 
on conskicrabic iii-lioii.ac investigation 
of "exiiltccl e.irricr" techniques (p dual 
.side band system in wbicb the carrier 
is iiippresscd only nben tlicrc is no 
inodulation). Advantage of exalted car- 
rier, Marks says, is that it permits a 
boost in peak posver rating without in- 
creasing asetage power rating or con- 
sumption, wliicli in turn cuts equip- 
ment wciglit and siw- Another by-prod- 
uct adsantage, Marks says, is that the 
e.xalted carrier technique practically 
eliminates the danger of ovcrmodula- 

Marks says that R,ADC is quite in- 
terested in single-side-lj-and ttan.sinission 
to give better reception under high 
noise conditions and to provide more 
communications channcls. 

Tlie Signal Corps is doing much of 
the SSB work, Marks say s, because SSB 
finds its greatest application to the III' 
band, noncser RAOC is sponsoring 
some SSB rcscjircli at General Klcctric 
and Stanford Uiiiversits". 

► Long-Range Navigation— One of sev- 
eral long-ibstance iiasigation systems 
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mass spectrometer leak detector. 
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JEEP-MOUNTKD inohrlc radio station h:is 
HE and llilE coiiinninications. 


under test by the section of the same 
name is called Nav.iglohc. This low- 
frequency 100-150 tc ‘omnirange,’’ 
conceived and developed bv hedcral 
Telccommnnitations Lab, has an ef- 
fective range of 1,500 inmtic-jl miles and 
normally gives a bearing accuracy of onc- 
half to one degree. 

A single station is capable of coveting 
approximately seven million square nau- 
tical miles. Navaglobe's advantage over 
lotan is that it gives Great Circle bear- 
ing directly without reference to charts. 

lire ground station consists of three 
antennas ("A,” "B.” and "C”) located 
at the vertices of an equilateral triangle 
whose sides arc 0.?6 tn 0.4 times the 
operating wavelength. In operation a 
constant amplitude and consbmt carrier 
frequency pulse is transmitted first from 
antennas "A” and “B.” then, after a 
brief pause, a similar pulse is transmit- 
ted from antennas "B” and “C.” fol- 
lowed by transmissions from antennas 
”C" and "A.” Finallv. a synchroniz- 
ing pulse is transmitted simultaneously 
by all three antennas. Tlic entire cycle 
takes one second. 

Becairsc of its rclathcly low pnlse- 
switching rate, Navaglobc gets hr' with 
comparatively narrow bandwidth.’ assur- 
ing a good signal-to-noisc ratio. 

An Jiirplane's bearing relative to the 
Nasaglohc station will determine the 
rclatisc amplitudes of the three .signal 
pulses received (ratio of AB to BC to 
CA). An airborne receiver compares 
these jnilsc magnitudes to establish auto- 
matically the plane’s licaring relatise tn 
the station. 

A production-designed airborne Nav.a- 
glohe rcecis'cr would be comparable in 
size and weight to present VIIF omni- 
range receis’cr, Moslcowitz say.s. 

► Consolaii— RADC has been working 
on an improved version of the Sonne 
system used by tlie Germans during tlic 
war, and tlic similar Consol system dc- 
iclopcd by Britain. R.ADC calls its sys- 
tem Consolan. Its big adiaiitagc, like 
that of its predecessors, is that it re- 
quires no special airborne equipment 
for aircraft earning a comimmicatinns 
receiver and direelioii finder. 

RADC’s Ci>ii.sol.m operates ,il M's 
kc. from a two-anteuiia site, lias a usable 
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signal range of about 3,000 mi, and an 
accuracy of appro.timately one-half de- 
gree, Moshowitz reports. This is a 50- 
100% improvement over World W ar II 
pcrforaiaiice. 

►Dots and Daslics-To use Consolan 
the pilot (or navigator) first DFs on the 
Consolan station to locate himself 
within a 5-10 degree sector. Then he 
listens to the station, counting the num- 
ber of dots (short pulses) followed by 
the number of daslies (long pulses) or 
vice versa. This information is referred 
to a chart to establish his position 
within the sector established by DF. 
An alternate method involves the use 
of a stop watch to time the period dur- 
ing which dots or daslies are heard. 

Disadvantages of Consolan are the 
errors introduced by sknvavcs (or the 
nccessih' for additional compensation 
cliart) plus the f.ict that the svstem of- 
fers tlie chance for human error. Air- 
borne equipment capable of performing 
tliese duties automaficallv could be de- 
signed, Moskowitz says, but its weight 
and complexity would' then negate Con- 
solan’s b.isic advantage of simplicity. 

This section is also working on sev- 
eral other long-range nai’igation systems 
of undisclosed nature, 

The Long-Distance Navigation sec- 
tion is also experimenting with a novel 
hpe of long-r.ingc distance measurin'’ 
equipment. (DME now in use on the 
civil airwavs is limited to line-of-sight 
ranges.) If tlic new DME proves out, 
it can be used with Navaglobe to pro- 
vide input .signals for offset track (rho- 
theta) computers, Moskowitz says. 
►Special Devices Section— ,\s its name 
suggests, the Special Devices section is 
a sort of "catcliall” for nondescript, but 
important, Equipment Development 
Division projects. For example. RADC 
had limited need for CAA-type VMF 
omnirange stations, but found tliat the 
CAA antenna array was too difficult 
and time-consuming to site and align, 
p.rrticularly for mobile use. Also, it 
wanted a broadband antenna wliich 
would permit a change in omnirange 
transmitter frequency witliout requiring 
antenna retuning. 

Under RADC guidance, Federal 
Telecommunications Lnb developed the 
"caged dipole” antenna wliich meets AF 
news. This antenna consists of a small 
J-wave dipole which rotates inside a 
cage, exciting tlie bars of the cage which 
in turn radiate the RF energy. Original 
problems with excessive vertical polariza- 
tion in this antenna have now been 
solved by means of a small cap on top 
of the antenna, Moskowitz reports. 
►Crash Ixjcator System-.\ system de- 
signed to locate crashed aircraft auto- 
matically to permit immediate rescue 
has been developed jointly by RADC 
and ^^'ADC. A small radio beacon 


(carried in the tail of an airplane) is 
catapulted out after a crash, and trans- 
mits an SOS, a special “crash code" as 
well as identifying the plane and the 
elapsed time since its crash. A series 
of ground-based stations developed by 
RADC will monitor the beacon wave- 
length continuously via an alann re- 
ceiver whicli is “sensitive” to the bea- 
con's code despite high noise levels and 
low beacon power. 

When the alarm receiver hears a 
beacon code, it automatically will turn 
on a tape recorder to record the beacon 
signals and a direction finder which 
takes a bearing on the crash beacon. 
'Fliis bearing is tlicn converted into code 


and automatically teletyped to a remote 
plotting board which is also being fed 
by other crash locator stations. From 
two or more DF bearings, (only two 
would be needed if the bicon si^al is 
coming through good and strong), tlie 
plotter calculates the most probAle lo- 
cation of the crashed airplane, and plots 
a contour indicating the most likely 
area where the disabled aircraft may be 

Tliis system, slated for test this sum- 
mer, is an interesting example of intcr- 
center cooperation. WADC and RADC 
work together through a steering com- 
mittee and there has been no need to 
assign overall svstem responsibility to 
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the one center, Allan Kunze reports. 

► Speech Compressor— Another Special 
Dcrices project is a speech compression 
system to convert speech into a pulse 
eode in order to transmit it o\'er a 100- 
cps. bandwidth instead of the usual 
?,000-cps. bandwidth. Similar tech- 
niques arc employed to transmit radar 
scope presentations over a narrower 
li.indwidth. 

Kunze reports that the receiving end 
of the speech compressor is working 
at present and the transmitter is under 
wav. One of the major problems is to 
reduce the present large equipment size, 

► Data Link-RADC is currently flight 
testing a data link system for transmis- 
sion of guidance and navigation instruc- 
tions via the communications receiver, 
svithout disrupting normal voice com- 
munications, 

The object is to permit automatic 
control from ground stations and to 
relieve the voice channels as much as 
possible. The RADC system requires 
only an adapter to existing communica- 
tions receiver to sort out steering sig- 
nals for presentation on cockpit instru- 
ments or for transmission to the plane’s 
automatic pilot- 

► Conversation intenupfer— Anvonc 
wlio lias tried to make an urgent phone 
call only to get repeated busy signals 
from a seemingly endless conversation 
on the other end, will applaud another 
Special Devices project. It is a device 
which will permit a priority caller to 
intcRupt a telephone conversation in 
an emergency and cut out the unwanted 

Electronic Warfare 
And Techniques 

Electronic warfare, sometimes called 
electronic counter-measures, is a new 
domain of warfare which substitutes 
clcctiomagnctic radiation for the hul- 
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kts, bombs and shells of conscnlinnai 

► New Coordinates— Instead of being 
fouglit in tlic familiar battle coordinates 
of space, electronic warfare is fought in 
the coordinates of frequency and time. 

Responsibility for developing equij) 
nient to permit tire Air Force to wage 
electronic warfare from the ground, 
and for investigating new techniques for 
application to this and other fields of 
RADC activity, falls to the Electronic 
W'arfarc & Techniques Division. 

’J'hc division, beaded by R- O- Sclilo- 
gelmilch (also a veteran of 10 years in 
RADC and predecessor labs), is staffed 
b) approximately 140 persons, of whom 
•ibout half are engineers and scieiitists. 

Manpower is almost equally divided 
between the division’s two laboratories; 
Electronic Warfare, under Joseph Vo- 
gchnan, and Research and Applied 

I echniqucs, headed by Morris Handels- 
man. Both labs, and particularly tlic 
Research and Applied Techniques 
group, do more in-house development 
than other RADC labs. 

► F'ighting With Radiation— Electronic 
warfare may be divided into two forms, 
both closely related; 

• Active. Influencing, disrupting or de- 
ceiving enemy electromagnetic trans- 
missions by active countermeasures 
(such as jamming). 

• Passive. Intercepting enemy electro- 
magnetic radiations to Icam his future 
battle plans and/or to detennino enemy 
techniques and operating frequencies 
lor use in developing our active counter- 
measures. 

► “Fire Fighting”— Most of the counter- 
measures used during World War II 
were developed to meet specific needs 
and not as a part of a coordinated sys- 
tem of electronic warfare, according to 
Richard Libby, chief of the lab’s Detec- 
tion and Evaluation section. It was 
usually a case of “fire fighting”— putting 
nut individual blazes,” is the way Libby 
describes it. RADC is directing its cur- 
rent work toward more overall integra- 
tion of elecbonie warfare techniques. 

Postwar interrogation of former en- 
emy military and scientific personnel 
has produced conflicting testimony as 
to the effectiveness of such World 

II countermeasures as our use of chaff- 
large quantities of metal foil ribbons 
dropped from aircraft, rvhich slowh 
flutter to earth creating a large radar 
echo on ground rmlars, aimed at mask- 
ing iatrndhig bombers. 

► Grral Unknosvn— One of R,\DC\ 
tasks is to develep tcelmiqucs to pre- 
vent oar ground r.idars from being 
fooled bv eneniv-droppcd chaff, but 
tliis is only a small (5ait of the problem. 

Eiicniv boniher.v niav carry devices to 
generate elccfronuignct r,idi:itinu to jam 
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Equally important, we want to jam 
their bombing radars to make them in- 
effective. This lab must be able to 
counteract enemy radiation through the 
entire elcctroniagactic spectrum, "from 
d.e, to the frequency of light,” is the 
wav Libby expresses it. 

deception is another in EW’s bag 
of tricks. One technique reportedly 
used by the Reds in Korea is to set up 
a radio beacon operating on the same 
frequency as those wlrich we set up 
near airbases for homing purposes. An 
unwary U. N. pilot is ^t to home on 
the enemy beacon and fly into a moun- 
tain top. 

► Ill Readiness— Uncertainty on what 
avionics equipment or countermeasures 
an enemy may throw at us poses an ob- 
vious problem to the EW lab. The lab 
recognizes tliat it would be far too ex- 
pensive to build up vast quantities of 
equipment to combat anticipated en- 
emy equipment tliat might never be 
used against us. Yet they recognize tliat 
it takes five to six years to research, de- 
velop, design and get new equipment 
into production. 

For this reason RADC spends its 
limited EW resources mostly on re- 
search and development. The idea is 
to have a large number of equip- 
ments completely designed and ready 
for production, when and if needed. 
Actual production time is then only a 
matter of months. Operating on this 
philosophy, RADC is building up a res- 
ervoir of electronic warfare knowledge 
in industry-, universities, and the Air 
I'urce, to enable it to counter the un- 
expected. 

► Seek the Weak Link— Engineers de- 
signing EW equipment need a strong 
background in a variety of equipment 
techniques, to enable them to seek out 
the nrost vulnerable spot in the equip- 
ment they seek to counteract or jam. 
They must also consider the economics 
of the problem and employ techniques 
which will be least expensive to manu- 
facture. 

Not knowing what the enemy might 
use, the engineer must make a realistic 
appraisal of tlic probability of an enemy 
using or not using certain types of 
avionic equipment, 

► We vs. Us— Lacking knowledge of 
enemy capabilities, there is a tendency 
for us to design our EW equipment 
to “fight” our own airborne equipment, 
Libby says. This is a healthy situation 
because it pits all the ingenuity of our 
airborne equipment designers against 
out ground-based electronic warfare dc- 

When, for example, tests show that 
RADC developed techniques will jam 
WADC-dcvcloped bombing radar, 
W’ADC engineers are spurred to greater 
efforts on "jam-proofing.” Similarly if 
WADC develops a “jam-proof” air- 
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biinit bumlimg r.idar, R,\DC cugiiiects 
must develop nesv techniques. 

► EW Lab Operation— When a niili- 
taty- rcqiiircincnt fur new K\V capabili- 
ties arrives in tlie lab, it is es’aluated bv 
the Integration it Analysis section to 
establish the technical requirements. 
I'roni here the ptogtam moves to the 
Detection Si Evaluation section .and the 
Counteniicasurcs & Deception section. 

These groups sponsor the develop- 
ment of experimental equipment, either 
within RADC or by contractors, to 
establish the EW techniques needed. 

Tlic Production Development sec- 
tion is responsible for guiding the de- 
velopment of prototype equipment bv 
industrial contractors, and for building 
up industrial interest and potential in 
E\V'. Evaluation of this prototype 
equipment for tactical suitability is ac- 
complished by the Engineering & Op- 
erational Evaluation section. 

As an additional objective the EW lab 
is trying to establish itself as a place 
where industry engineers designing avi- 
onic equipment can come for consulta- 
tion on the latest anti-jamming tech- 
niques. 

► Research & Applied Tcchniques-.\p- 

E o.vimatcly half of the efforts of the 
csearcli & Applied Techniques lab are 
dcT'otcd to developing components and 
techniques which will find use in 
ground-based avionics five to 10 years 
from now; the other half is der oted to 
solving RADC's current problems and 
meeting its eunent needs. 

Prior to the January reorganisation, 
the R&-,\T lab was part of the Radar 
lab. which explains why much of its 
current work is in the field of radar and 
niiero«-.ivcs. However the lab is fast 
expanding its activities into the lower 
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itequcncy regions and into tlie new 
fields of transistors and ferrites, accord- 
ing to Morris Handclsiiian, cliief of 
tills lab. 

►Study Is Cheap— Analysis and study 
aie compaiativcly cheap. Haiidelsman 
says. That is why he encourages his 
group to do as much analytical and 
study work as possible to prove out 
fundamentals before letting contracts 
tor tlie development of hardware. Ap- 
proximately half of the current-problem 
development work is done in the lab; 
the balance outside. 

In the field of advanced research, 
rouglily 80% of the work is performed 
by outside contractors. In the past, iii- 
I dustry has done the majority of this 
I work. Ilandcisman says, but such uni- 
i versities as Brooklyn Poh’tech, Carnegie 
I 'I’ech, Syracuse and Cornell are edging 
I farther into the field. 

R&.AT lab's applied research activi- 
ties take it into the realm of AF Cam- 
bridge Research Center activities so 
there is considerable coordination bc- 
hveen the two to prevent duplication of 
efforts, Handelsman savs. 

The R&AT Lab is divided into the 
following four sections: 

• Radio Fiei|ucncy. 

• Receiver & MTI (moving target in- 
dicator). 

• Echo Area & Propagation. 
►Improvements Bring Problems— The 
greatly increased power of today’s ra- 
dars, coupled with the use of more 
sensitive mixer crystals to obtain better 
signals in the face of extraneous noise, 
raised the need for improved duplexers 
-fast-acting electronic switches which 
alternately connect the transmitter and 
receiver to the common radar antenna 
so that high-powered transmitter pulses 
don't swamp the receiver and bum out 
the mixer crystals. 

Several yrars ago, satisfactory du- 
plexers were "a real bind," Handelsman 
says, but not today, as a result of RADC 
sponsored developments. 

► Stable Klystrons— The RF section also 
sponsors the development of higher 
powered klystron tubes as possible re- 
placements for the previously used 
magnetrons. Klystrons look attractive 


because of their greater freqiicnc\- sta- 
bility. 

Handelsman reports considerable 
progress in this area, although lie de- 
clines to say what output powers have 
been achieved. 

Another area of great improvement is 
in antenna rotary joints. These have 
gotten increasingly complex witli the 
use of additional antenna feeds, but 
new rotary joints with excellent char- 
acteristics have been developed, Han- 
dclsman says. 

► High-Power Radar Ub-The RA-AT 
lab is quite proud of its new liigh- 
power radar lab, a research facility 
which can generate very large amounts 
of microwave power at any desired fre- 
quency. Just how much power this lab 
can generate was not disclosed for se- 

The lab, which is available to mili- 
tary contractors for testing high-power 
duplexers, rotary joints, klvstrons, 
dummy loads, and the like, was con- 
structed on a shoestring budget, largely 
from components scavenged from old 
obsolete radar sets, Handelsman says. 

► "Cloak & Dagger” Antennas— The 
RF section’s work includes antennas 
for radar, navigation, communications, 
electronic warfare, and what Handels 
man obliquely refers to as "cloak and 
dagger" applications. 

In radar antennas, this section has 
sponsored an outside deiclopnient 
which will permit the use of very rapid 
antenna scan rates and very narrow 
beam widths, an ideal combination for 
precision radars. 

► Wanted: An Fjsy Formula— A devel- 
opment and study program designed to 
save the government money and save 
its radar contractors many headaches is 
under way at Syracuse University. 

Tlie program is aimed at this prob- 
lem: When mechanical tolerances are 
r.ot held sufficiently close in the manu- 
facture of large radar antennas, the 
beam shape is distorted; if held to 
theoretically desirable values, the fab- 
rication of these antennas breomes an 
extremely expensive and exasperating 
job, Handelsman savs. 

What RADC wants is an easy-to-use 
formula which will allow mechanical 
designers to predict in advance the 
over-all effect of minor variations in 
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various parts of the antenna- This 
should enable the antenna designers to 
establish acceptable mechanical fabri- 
cation tolerances. 

Syracuse University has already com- 
pleted part of the program: The rela- 
tionship between electrical phase rela- 
tionship of the radar energy and the 
airtenna beam shape- Now it is work- 
ing back to correlate this phase rela- 
tionship and minor deviations in an- 
tenna configuration. End product is 
expected to be a design handbook for 
radar antenna engineers. 

Other work in this group includes 
development of broad-band communi- 
cations antennas to ease tuning prob- 
lems and studies of the effect of radar 
feed horn defocusing in parabolic an- 

► Target Discriminators-As a result of 
RADC-sponsored developments, the 
moving target indicators (MIT) used 
in present radars are much better able 
to discriminate between real targets and 
spurious clutter than were World War 
II radars, Handelsman says. 

This is partially attributable to im- 
proved circuitry, and partly to new de- 
vices like the quartz delay line which 
replaces the older mercury delay lines. 
Advantage of the quartz lines is that 
they are much smaller, lighter, and 
only one-third as sensitive to tempera- 
ture change as mercury delay lines, 
Handelsman s.iys. 

► Reducing Ciioss Interference— The 
Receiver & MTI section has developed 
circuitry called "video blankets" which 
reduce the cross interference from two 
or more radars, operating in close prox- 

Another in-bouse development of 
which Handelsman is proud is a sim- 
plified technique for measuring incre- 
mental pulse time jitter to within 
0-002 microseconds. This jitter is the 
short period variation in the firing 
time or hydrogen thyratron tubes used 
as modulators in MTI-equipped radars. 

► Position Prediction— One interesting 
development of the circuits section is 
a velocity-tracking circuit for GCA de- 
signed to give stronger target signals in 
tlie prc-senee of much spurious noise. 

The device is a combination memory 
and predictor. Based on the past veloc- 
ity of the airplane (target) being 
tracked, and its last position, the ve- 
locity tracking circuit in effect predicts 
approximately where the plane will be 
during the next scan and then attenu- 
ates signals from outside the area of 
this predicted position. 

► Investigating New Materials— New 
devices and materials, such as tran- 
sistors and ferrites, are also under ex- 
ploration here. There arc several pro- 
grams under way to experimentally 
transistorize existing vacuum-tube de- 

Anothcr outside program is pointed 
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toward the use oE ferrites to control the 
plane of polarization of microwave 
energy. The major problem here, Han- 
delsman says, is to find teehniques to 
enable ferrites to handle the very large 
powers involved. The use of ferrites 
for magnetic modulators and digital 
computer work is also under investiga- 

This section also docs advanced 
thinking on data handling, data gath- 
ering, and computer memory systems 
to determine what components will be 
needed five to 10 years hence. 

► Predicting Radar Range— The Echo 
& Propagation section has developed 


an empirical technique which makes it 
ptKsible to predict the range and per- 
fonnance of new pulse-type radars while 
they are still in the paper design stages. 
Handelsman reports that accuracy of 
prediction usually runs better than 
15%. 

The technique is based on an ex- 
tensive analysis of the performance 
of a variety of existing radars auinst 
different size targets, to establish the 
performance of a “standard radar." 
From this known standard, the range 
of a new radar design can be extrapo- 
lated, based on the differences between 
it and the standard radar. Handelsman 

The technique is applied, for ex- 


ample, to the design of new GCA or 
CCI radars to determine the optimum 
licqucncy and other design parameters 
based on the performance that will be 
required fur the specific radar appli- 

► Beyond Line of Sight— Recent inves- 
tigations have shown that microwaves 
can be propagated considerably beyond 
line-of-sight distances, previously con- 
sidered their practical limit. This is 
particularly attractive for use in micro- 
wave communication networks in over- 
water areas where it isn't always possi- 
ble to install microwave renter 
stations within light-of-sight distance of 
each other. 

There still remains considerable dis- 
agreement among tire experts as to 
bow antenna size, operating frequency, 
and pulse length affect beyond-line-of- 
sight performance, Handelsman reports. 
For this reason, RADC is sponsoring a 
program at Cornell University to inves- 
tigate the effect of these parameters 
on long-distance performance. TTie 
E & P section is currently building 
equipment to test out Cornell’s con- 
clusions. 

Engineering Support 

RADC has located all of the techni- 
cal supporting activities for its three 
other divisions, and their seven labora- 
tories, in a single division, called the 
Engineering Support Division. RADC 
labs turn to tin's division whenever 
they need; 

• Eavironmeotal test facilities. 

• Radio interference reduction know- 

• Investigation of new materials. 

• Preparation of specifications. 

• IVIobilc radio stations for flight test 
activities. 

• Special instrumentation. 

'I'hese are but a few of the manv 
services provided by this division. 
►Support Labs— The Eiigineering Sup- 
port Division is staffed by approximate!)- 
270 persons, of which about 25% are 
engmeers, according to O. G. Tallman, 
division chief, Tallman is a 1 2-year vet- 
eran with RADC and the earlier Signal 
Corps labs from which it was formed. 
The division is broken down into two 
laboratories and one branch. These are; 

• General Engineering Laboratory. 

• Test Sc Evaluation Laboratory. 

• Services Branch. 

► Mechanical Enginceriiig— All me- 

chanical design activities are centered 
in the Mechanical Engineering sec- 
tion, one of five sections in the <^- 
ctal Engineering lab. 

As originally set up, project engineers 
in other laboratories were to bring their 
mechanical design problems to this 
section. Recently it was decided to 
place a liaison engineer from this sec- 
tion in each of the seven development 
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DON’T JUST LONG FOR IT! 


Success l)C{:in8 when longing slops and 
anion starts! The important thing for 
engineers in tlicse times is to look to the 
future. Do you feel that perhaps there 
might be a place for you in an industry 
that offers exceptional advantages today, 
and even greater opportunity for tomor- 
row? Longing won’t get it for vou! 

Perhaps you are not employed at your 
highest skill. At 'Vi'cslingliousc, top man- 
agement philosophy dictates that every 
engineer he provided with challenging 
assignments . . . that management poten- 
tial be quickly recognised and developed 
. . . and that inventive abilities he stim- 
ulated and eitcomaged. 

For many years, Weslinghousc has 
been setting the pace for the electronics 
industry. Westinghonse engineers have 
profiled frotn tliis ... in the form of 
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laboratories, to live more closely with 
tlie problems of that particular lab. 

’Ibis section has specialists in such 
fields as shock and vibration, structural 
concrete (for large antenna and radio 
tow ers), antenna mast design, vehicular 
design, and slielters. Large radar and 
radio antennas pose major structural 
problems, Tallman points out, because 
they must be designed to withstand 
winds of very high velocity. 

The ME section does all drafting for 
the other labs, and monitors drawing 
practices used by outside contractors to 
be sure tliat they conform to govern- 
ment and AF sf.tndards- 

► Interference Reduction— Whenever 

project engineers encounter radio or 
radar interference problems, tlicy can 
bring them to flic Interference Reduc- 
tion section. Ignition interference prob- 
lems in vehicular equipment have been 
fairly well solved Tallniaii says. 

Current work is devoted to basic 
studies *n the character of noise, the 
sources of radar interference, and its 
tolerable limits. Some of this study 
work is being done in the house but 
mucli assistance is rendered by Purdue 
University. 

This section is also working on tech- 
niques for improving radar modulators, 
connectors and other components, to 
eliminate sources of interference be- 
tween radars operating in close proxim- 

In the course of its interference re- 
duction work, this section has devel- 
oped field intensity measuring equip- 
ment, for both the lab and the field, 
as well as noise generators and calibra- 
tors, Tallman says. 

►Systems Requirements— One of the 
lesponsibilities of the Systems Require- 
ments section is to determine liow 
mucii test equipment should be built 
into ground radars and other avionic 
equipment for use by line maintenance 
personnel. This involves a study of the 
equipment’s design and field maiiite- 
iiaiice practices. 

On some very important projects, 
this section works directlv with the 
equipment manufacturer, Tallman savs. 
On others, it works through the RADC 
project engineer. 

The Systems Requirements section 
also determines wliat new types of sepa- 
rate test equipment will be required. 
Supervision of a contractor's develop- 
ment of such equipment falls to an- 
other group, called the Instrumentation 
Development section. This section also 
serves as a consultant to other labora- 
tories for specialized lab or flight test 
instrumentation and maintains a stand- 
ards and calibration center for RADC 
instruments. 

► New Materials— Investigations of the 
properties of new materials which have 
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Helicopters Hemand dependably vibration-proof fasten- 
ers for all critical applications. This once meant expen- 
sive and cumbersome castellated-nut and cotter pin 
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uses ELASTIC STOP nuts on transmission housings 
and attachments in aircraft like the HL'P-1 shown above. 

By using standard AN-365 ELASTIC STOP nuts, 
Piasecki cut parts costs and speeded assembly. These 
self-locking nuts stay tight, right where you put them, 
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tight seal against the threads to prevent corrosion and 
seepage, yet can be removed and re-used many times. 
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application to ground-based avionics 
are carried out in, or sponsored by, the 
Materials dr Miniaturization section. 
This includes ceramics, plastics, metals, 
as well as plating techniques and en- 
capsulating compounds for miniaturized 
avionic construction. 

The objective of this section is to 
keep abreast of the current state of the 
art so as to spot potential RADC appli- 
cations for new materials. 

One example of the M&M work is 
in the use of bi-metals to fabricate ra- 
dar waveguides, thereby greatly reduc- 
ing weight and cutting the use of stra- 
tegic materials. Another example is the 
high-strength plastic radome covering 
which is inflated around a large ground 
radar antenna like a rubber balloon, but 
is capable of withstanding wind and 

Once the initial groundwork is done, 
development of the new materials is 
normally contracted out to industry, 
Tallman says. 

► Test Equipment Service— To avoid 
unnecessary duplication of test cquip- 
nien in the various RADC labs, the 
General Engineering lab pros’ides a cen- 
tralized test equipment supply service 
for all other labs. 

When an individual project engineer 
needs a specific piece of test equipment, 
he phones this centralized supply. If 
the lab has such equipment, and it is in 
stock, it is delivered to the engineer (and 
picked up when he's finished). 

If the equipment is in use elsewhere, 
the lab has a record of who has checked 
it out and can refer the project engineer 
to that individual. 

► Services Branch— One of the functions 
of the Services Branch is to provide 
mobile radio stations and crews which 
can be transported to other bases or to 
a contractor's plant to provide flight 
test communications facilities. The 
Radio Communications section of this 
branch also operates tlie GAFB radio 
stations which provide HF, VHF, and 
UHF communications for flight tests. 

In addition, this section coordinates 
radio frequency allocations and secures 
any additional ones whenever they are 
needed. 

► Spec Uniformity— To achieve unt- 
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"\es, it is big and it is tough — it has 
to be! It's in a modern "torture chamber”. 
This ENDURO Stainless Steel expansion 
joint — thirteen feet in diameter — is part 
of an aircraft laboratory wind tunnel. 
Eight of these giants are installed in the 
header between primary and secondary 
coolers of altitude exhaust ducts. 

They handle gases from full scale thermal 
jet engines, reciprocating engines, 
turbines, burners and other equipment 
tested in simulated high altitude 
conditions. Working pressures range 
from vacuum to 60 pounds . . . 
temperatures as low as -50° F. There's 
punishment aplenty. 

Here's another application in which 
Republic ENDURO Stainless Steel 
demonstrates its great strength, toughness, 
resistance to heat and to corrosion . . . 
and its fabricating possibilities. Where can 
you next use these qualities.’ Republic 
metallurgists are ready to help you 
apply ENDURO to all types of aircraft 
development. Just write: 

REPUBLIC STEEL CORPORATION 

Alloy Steel Division • Massillon, Ohio 
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mt ENDURO Slainlest Suit ia maaufac- 
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ferential welds in the corrugated section 
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funiiity in RADC specifications, they 
arc processed through the Engineering 
Data section of the Services branch. 
Tliis same section also: 

• Prepares MlL-typc specs for RA13C- 
<le\cloped test equipment used by all 
three services. 

• Cheeks the contractor-recommended 
spate parts list for development equip- 


• Issues authorization for purcliasc of 
new developments. 

• Establishes type classification (de- 
velopment. tentative standard, etc.) 
which tells tactical commands the 
status of the equipment from the 
standpoint of its use in the field. 

• Requests assignment of standard JAN 
identification for new RADC-developed 
equipinciit. 

►Procurement Data— The Production 
Procurement Data section is the focal 
point between the AMC unit here and 
RADC engineers engaged in supporting 
procurement programs. 

Equipment specifications prepared 
by the RADC project engineer ate run 
tbrough this section to put them into 
accepted and uniform style before trans- 
mitting them to AMC. 

This section, after consultation with 
RADC project engineers, makes engi- 
neering recommendation to the AMC, 
indicating whether it is feasible to break 
the procurement down into small con- 
tract chunks, whether it is a sole-source 
item, and whetlier a negotiated-type 
procurement is desirable from a tech- 
nical view point. 

► Tech Information Group— All infor- 
mation on foreign technology received 
by RADC funnels through the Techni- 
cal Information section where it is 
evaluated and tlicn disseminated to in- 
terested labs. Tliis section also: 

• Dcicmiines security classification of all 
RADC prepared reports. 

• Processes progress reports on all labor- 
atorv |)rojects. 

• Operates a tcclinical library and per- 
forms reference work. 

• Receh’es all reports from outside con- 
tractors anti acts as a repository for 
US.^F and otiicr military reports. 



• Provides editing, art, and iniblicatiiin 
services for getting out RADC technical 
reports. 

► Test & Evaluation-Wlicn RADC en- 
gineers want to es'dluate new ma- 
terials. test the performance of new 
equipment, or cliccfc its ability to 
witlistand environmental rigors, t!icy 
turn to the Test & Evaluation lab of 
the En|ineeEiiig Support Division. 

T&t lab personnel will perform 
these tests for RADC engineers (or 
RADC contractors) evaluate the ma- 
terial or equipment, and write a final 
report. Or, if tlie project engineer de- 
sires, tlie I'drE lab will make available 
its climatic test chambers and facili- 
ties for him to conduct his own tests. 


lypieal 'I &'K lal> c-jp,ibilitic\ include 
the following tvpes of tesling: 

• Electrical. Life tests, tcinpcratnrc rise, 
and suitability tests on small compo- 
nents, such as transformers, capacitors, 

• Electronic, VSWR of Rl'' transmis- 
sion lines, piiase shift at audio frequen- 
cies, servo system pcrfonnancc tests, 
spurious radiation intensity, analysis of 
audio frequency output. 

• Cliemieal, Quantitative and qualita- 
tive analysis, quality control of plating 
solutions. 

• Pliysical. Corrosion, hardness, tensile 
strength, impact, fatigue, elongation. 

• \'arioiis facilities for mcclianic.il and 
environmental tests. 
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The LA-239C 

OSCILLOSCOPE 


Putting Avionics Research to Work 


Cambridge, Mass.— TTiere may be a 
radical change in spelling in the Amer- 
ican language, at least in military and 
business circles, as a result of studies 
now under \vay at the Electronics Re- 
search Directorate of the AF Cam- 
bridge Research Center here. 

Within five to 10 years, it should 
be possible to dictate a message directly 


to an automatic electric typervriter, via 
a microphone, and ha\e the machine 
instantly type out the message with the 
words spelled phoneticallv, i.c. "fon- 

eti^," 

This AFCRC research program has 
far more important military uses than 
merely to help the harassed military or 
business man who has trouble getting 


Electronics Research Directorate’s Job: 


The Lovoie Model 
LA-239C has been 
designed to surposs 
thehigh performance 
of the Lavoie TS-239 A/UP, 
which has been the standard 
test oscilloscope for the Armed 
Services since its introduction. 
Model LA-239C is the result of 
a long period of research and 
development which has included 
the study of new tubes, new 
techniques. 

Send today for special bulletin 
which describes in detail these 
unusual features: 
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ability of Thompson 
Retreads. 

Over 100,000 aircraft tires retreaded 
by Thompson’s precision methods have 
greatly reduced landing costs. Nothing 
less than Thompson’s quality retread- 
ing could have provided this ! 
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Built to meet rigid government re- 
quirements, Tensolon Hook-up 
Wires are available in sizes from 
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the patented Tensuloted Teflon® 
covering which eliminates pin holes 
and other irregularities. 
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secretarial help. Nor does the AFCRC 
have any quarrel with accepted word 
spelling, inconsistent though it may be. 

► Three-Fold Objective— The funda- 
mental research into speech analysis 
and synthesis under way at AFCRC is 
pointed toward: 

• Cramming more information into 
narrower radio-frequency bands, to 
create more communications channels 
in the crowded spectrum. 

• Speeding communication to allow 
voice instructions to be instantly con- 
verted into printed instructions in one 
or more distant locations, without the 
delays and chance for error involved 
when humans must convert the oral 
message to hand-written notes and then 
transfer these notes to a teletype nra- 

• More efiective cryptography. By 
converting the spoken word into a series 
of pulses necessary to achieve the other 
objectives, the message can be "scram- 
bled" in a greater variety of ways mak- 
ing it mote difficult for an enemy to 
decipher. 

► Microtronics— Although AFCRC’s 

Electronics Research Directorate (ERD) 
doesn’t scorn present subminiature 
avionic construction techniques for 
some cunent needs, it is researching 
new techniques which might permit a 
100-fold decrease in equipment size 
compared with that possible with pres- 
ent subminiature techniques. 

ERD is aiming at such extremely 
subminiature techniques that it has 
coined a new word to describe them; 
"Microtronics." 

ERD’s research in microtronics is 
still in its early stages. If the program 
pans out, the wristwatch radio trans- 
mitter/receiver which Dick Tracy uses 
in his comic strip adventures would be 
an easy accomplishment. Even a wrist- 
watch television receiver is not beyond 
the realm of possibility, although this 
is not the objective of the work being 
done by ERD. 

► Research Its Mission— ERD was orig- 
inally set up as an Air Force appliM 
electronic research center. Howc\’cr it 
is impractical, if not impossible, to draw 
a firm line of demarcation between ap- 
plied research and development, accord- 
ing to Dr. E. G. Schneider, director of 
ERD. 

Broadly stated, avionic equipment 
developed by Wright and Rome Air 
Development Centers is usually pointed 
toward a specific tactical need and is 
frequently the prototype of production 
equipment to follow. Until recently, 
any equipment developed at AFCRC 
was used primarily to conduct research 
or to prove out fundamental principles. 

ERD’s research activities run the 
gamut from tiny transistors, smaller 
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than the head of a pin, to huge radar 
antennas, as tall as a four-story build- 
ing. 

One of the characteristics of applied 
research is tliat not all the ideas tried 
pro\’c practical. But since the objective 
of research is to obtain knowledge, 
KRD frequently learns as much from 
"failure" as from "success.” 

Occasionally researchers discover 

something early in their investigation 
nhich actually proves mote interesting 
thiin their initial objective. This may 
deflect the program from its originally 
intended purpose. 

► Inrportant New Rolc-Witliin recent 

months. ERD has assumed an impor- 
tant new role in the ARDC setup- 
oserali responsibility for "ground cn- 
sironment’’ (ground-based avionic 

equipment to be used in the conti- 
nental air defense System-Project Lin- 
coln). Tliis system is under dcselop- 
ment in the AF’s Lincoln Laboratories, 
operated by the Massachusetts Institute 
or Technology in the Boston area. 

Unlike RADC and WADC, which 
of necessity devote a sizable part of their 
manpower to monitoring developments 
bv outside contractors and supporting 
AMC procurement, most of ERD’s re- 
search and development has'e previously 
been performed within its own labora- 
tories, Dr. Schneider says- 

Dr. Schneider considers lots of in- 
house work imperative for an activity 
like .\FCRC in order to attract top 
scientific personnel and to maintain 
their technical competence. 

► Keep It Small-The Electronics Re- 
search Directorate has a staff of approxi- 
mately 1 50 scientists and engineers, plus 
50 technicians capable of doing engi- 
neering work in narrow fields of activity. 

Even if budget limitations were not 
confining. Dr. Schneider wouldn’t want 
to expand ERD much beyond its pres- 
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ent size. He strongly believes in keep- 
ing laboratories relatively small and 
tightly knit, to avoid intra-lab communi- 
cabons problems. 

Dr. Schneider cites the wartime MIT 
radiation lab (of which he was a mem- 
ber) which assembled a technical staff 
of thousands to work on radar, as an 
example of staff size exceeding the point 
of diminishing returns. 

► In the Beginning-The MIT and Har- 
vard wartime radiation laboratories pro- 
vided the nucleus from which AFCRC 
was formed. \Vhen the war ended, these 
laboratories were disbanded. Recogniz- 


ing tlie need for continuing efforts in 
the radar field, the Air Force moved 
quickly to provide facilities for those 
scientists who wished to conbnue in 
the same type of activity— which became 
the present Cambridge Research Center. 

Dr. Schneider says ERD has been 
very successful in hiring needed scien- 
tists. He attributes this to ERD’s geo- 
graphic location-near MIT, Harvard, 
and Boston University— which enables 
AFCRC men to do advanced study, 
something close to the hearts of most 
researchers. If this advanced study is 
directly connected with a scientist’s 
work at AFCRC, the government foots 
the tuition. Dr. Schneider says. 


►ERD Organization— As ERD grew, it 
found itself trying to cany out applied 
research, component development and 
some systems engineering activities 
within its laboratories. The result was 
a tendency to divert efforts from re- 
search into systems engineering activi- 
bes. Dr. Schneider says. The present 
organizational setup is intended to sep- 
arate the two types of acHvibes. 

The Electronics Research Directorate 
is divided into two groups, one devoted 
to components and techniques, and the 
other to systems. From a manpower 
standpoint, the ERD staff is split ap- 
proximately 50/50 between the two. 

► Components and Techniques— The 
Components and Techniques group’s 
area of activity is covered by five labs; 

• Communicabons. 

• Propagabon. 

• RF components. 

• Antennas. 

• Computers. 

► Systems Projects-Project Lincoln is 
by far the biggest and most important 
program in the Systems Project Office, 
headed by M. H. Chaffee. 

AFCRC is also invesbgating auto- 
matic conhol of traffic around an air- 
drome along with RADC and WADC. 

Communications 

The Communicabons lab might more 
aptly be called a “transmission of in- 
formation lab,’’ according to Dr. E. W. 
Samson, its chief. 

It doesn’t concern itself with conven- 
tional radio or telephone problems, but 
delves deeply into long-haired philoso- 
phies and theories behind the transmis- 
sion of informabon. Its research activi- 
ties are pointed toward an automatic 
typewriter which operates from the 
spoken word, a very advanced type of 
IFF system (identification, friend or 
foe), and microtronic techniques, which 
are necessary if the former equipment 
is to be small and light enough to carry 
in an airplane. 

The Communications lab is divided 
into four sections; 

• Analysis (largely IFF). 

• Miciotronics, 

• Circuitry. 

► Speeding Flow of Infonnabon— If 
World War III should come, the life of 
the nation may depend upon split-second 
decisions and split-second transmission 
of these decisions and commands to 
aircraft and air defense centers. 

All the efforts now going into com- 
plex systems desigiied to funnel data 
on enemy aircraft into central control 
points will be for nought if it takes 
5-10 minutes to transmit tacbcal de- 
cisions to their many dcstinabons, or if 
aural transmission causes the message 
to he misunderstood. 

This points up the importance and 
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usefulness of a system in which vocal 
commands could be instantly converted 
into the kind of electric signals which 
can operate an electric typewriter in 
order to convert human speech directly 
into printed messages. This involves 
the conversion of the complex speech 
wavefomi (with its varying intensities 
and ftequencies) into groups of indi- 
viduiii pulses-the type of signal from 
which an electric typewriter can oper- 

Reseatch on such system is under way 
in the Speech section of the Communi- 
cations Lab. 

► It’s Not Easy— Tlic problem is a tough 
one because of the wide variations in 
speech characteristics between individu- 
als. The system must be capable of op- 
erating whether the man at the mike 
speaks with a Southern drawl, a New 
England twang, or speaks "Brooklyn- 

Thete arc a variety of ways to pro- 
duce speech code patterns, Dr. Samson 
says, but the lab is digging deeply into 
fundamentals to find a sound basis upon 
rvhich to build its svstem. This involves 
finding those speech characteristics 
which ate unique to a specific word (or 
bit of information) and which are com- 
mon to the word regardless of the in- 
dividual speaking it. 

Considerable effort during the past 
seseral years has gone into the study 
and design of an "audio speech spec- 

a h”— device to analyze human 
. This device will soon be ready 
for use and Dr. Samson expects to ob- 
tain much significant data during the 
coining year. 

►Pulse Coding Advantages— There are 
several important by-product advantages 
to converting speech into coded pulses. 
One is that it can compress individual 
communication channel bandwidth 
from its present 3,000-cps. requirement 
to a mete 300 cps., and po.ssibly even 
as low as 100 cps. 

Tliat means that 10-30 times as 
many communication channels can be 
squeezed into a spectrum now provid- 
ing only one channel. 

Di. Samson believes that bandwidth 
requirements could be reduced below 
100 cps. if the system were designed to 
eliminate unnecessary letters from words 
—what he calls "redundancy within a 
word." For example, the word "repeat” 
might be cut down to "rpet.” 

However this type of "shorthand” 
could cause some confusion in inter- 
pretation. The lab is not working 
toward this degree of bandwidth com- 
pression at prc.sent, Dr. Samson says. 

► "Scrambling” Aid— Another impor- 
r.int advantage of coded pulse com- 
munication is that it allows a very large 
variety of ".scrambling" techniques to 
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prevent an enemy from deciphering its 
meaning. 

Pnise coding requires extremely 
^'gh-Q (very selective) filters and the 
lab is doing considerable work in this 
field, including both piano-wire type 
filters and the use ot transistors as 
active-element filters, Dr. Samson says. 
► Better Reliability Needed— Coded 
pulse communications will force us to 
improve the reliability of radio trans- 
missions, Dr. Samson believes. 

In voice communications, failure to 
hear an occasional word or syllable, due 
to interference or fading, normally 


doesn’t prevent understanding the mes- 
sage. For example, if a wife calls in to 
her husband; ‘'John, dinner is on the 
table" just as a truck rumbles by, he 
may only hear “ner a on the able," yet 
he'll probably grasp its full meaning. 

If one or two pulses in a group are 
obliterated by interference at frequent 
intervals, the entire transmission may 
be garbled beyond undeistandability. 
"Unless we can largely eliminate fading 
and interference in pulse code trans- 
missions," Dr. Samson says, "we may 
have to introduce redundancy in our 
transmissions.” 

The Commimicalions lab first got 
into pulse coding activities when it was 


given the problem of reducing the band- 
width needed to transmit a radar s^e 
presentation to a remote location. The 
lab developed a pulse transformation 
process which cut bandwidth require- 
ments from the original one megacycle 
to only several kilocycles, Dr. Samson 

► Digitizing & Microtronics— There is a 
growing interest and activity in the field 
of applying digital computer techniques 
to certain airborne equipments. How- 
ever. these digital techniques involve the 
use of many complex matrices, each 
made up of hundreds or thoiisand.s of 
diodes, transistors, and associated wiring 

\Viiat is needed is a brand nesv mi- 
croscopic type of construction and sucli 
3 program nas been launched in the 
Microtronics section. 

► Transistors Too Big— Although tran- 
sistors are small compared to vacuum 
tubes, the germanium crystal, which is 
really the lieart of the device, occupies 
onh’ a tiny portion of tlie volume. The 
leads, supports, case, and other asso- 
ciated paraphernalia, add the bulk. 

To eliminate this "waste" volume, 
the Microtronics section is working on 
a process to build up large numbers of 
tiny transistors and diodes by deposit- 
ing successive layers of germanium (and 
impurities) on a small postage-stamp 
sized card which has razor-thin inter- 
connecting conductors engraved or 
jjrinted on it. 

By stacking these cards in sandwich 
style, a matrix consisting of as many as 
1.000 transistors, diodes and associated 
wiring and components may be con- 
structed to occupy a volume of only one 
half a cubic inch. 

► Outside Help-Tlicsc microscopic mat- 
rices need equally tiny resistors, capaci- 
tors and other components. AFCRC 
has launched a research program at the 
Mellon Memorial Research In.stitute 
and Battelle Research Institute to de- 
velop microtronic techniques for making 
these component.s. 

Inductors may be the most difficult 
to "microtronicize.” Dr. Samson says, 
and so thought is being given to using 
other circuit elements to achieve phase 
shift, eliminating the need for induc- 

► Solid-State Physics— AFCRC has built 
up its technical knowledge in the field 
of solid-state physics to carry out its 
work in microtronics, but there is also 
another reason. 

\Vhcn new transistor developments 
or techniques are announced by Bell 
Telephone lab or others engaged in 
transistor development, it normally re- 
quires a year or more before the new 
product is commercially available. 

By having its own capabilities in this 
field. AFCRC scientists ate able imme- 
diately to fabricate a iicw-type transistor 
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The System that Makes Mid-Air Refueling Routine 


Flexibil ity, ease of operation, and the ability to refuel 
more than one plane at a lime are reasons why the 
Flight Refueling, Inc. mid-air fueling system is proving 
to be so practical in military usage and why its later 
commercial use holds so muoh promise in the future. 

Consisting of a simple hose reel, easily installed or 
removed from the tanker aircraft, a funnel-shaped 
drogue and a retractable probe in the receiving filane, 
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is necessary, Pilots report contact is simpler tlian 
making a landing. 



Because of the flexible nature of the system, refuel- 
ing can he accom|>lished in rough air and the rapidity 
of fuel transfer under pressure reduces the contact lime 
to but a few minutes. 
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refueBng equipment to give our fighters and bombers 
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in tlieir own laboratories. 

With a basic understanding o£ solid- 
state physics, AFCRC is also able to 
develop transistor circuit techniques 
u'hich overcome certain shortcomings 
of the devices. 

For example, the Citcuiliy section of 
the Communications lab has developed 
techniques for overcoming the transis- 
tor “hole” storage time, making it pos- 
sible to design a computer sliift regis- 
ter which can operate at frequencies 
as liigh as 9 inc. 



.\notlier product of AFCRC work in 
the field is an experimental negative- 
resistance germanium diode which can 
replace two vacuum tubes normally re- 
quired in simple flip-flop circuits. 

► Facilities— AFCRC has facilities for 
refining experimental quantities of ger- 
manium and producing point contact 
transistors. To measure the structure, 
cliemical composition, and cell size and 
orientation of transistor materials, the 
Microtronics section has an electron 
microscope, optical grating spectograph, 
and Gciger<ounter X-Ray spectograph. 

Investigations planned for the future 
include silicon (high temperature) tran- 
sistors. non-linear dielectrics such as 
barium titaiiate, and ferrites. 

.Application of commercialiv available 
transistors and experimental ones devel- 
oped in the Microtronics section is 
made in the Circuitry section. The 
9-mc. shift register is their project. 

Another is a classified airborne digital 
desice slated for flight tests next year. 

Propagation Lab 

The Propagation laborators-, formed 
about a year ago. is principally con- 
cerned with tropospheric propagation 
(line of sight), although it has some 
interest in ionospheric propagation. 
Small in size, this laboratory's mission 
is to “try to understand rather than 
to design tilings," according to Dr. 
Philip Newman, lab chief. 

One current lab investigation is in 
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tlie field of bcyond-linc-of-sight trans- 
mission of microwaves. It was pre- 
viously thorrght that the field strength 
ot microwaves fell off exponentially be- 
yond the horizons, requiring tremen- 
dous boosts in power to achieve tiny in- 
creases in range. 

Recent data obtained here indie, ites 
that after an initial 40-db. attemuition 
beyond the liorizon, field strcngtii at- 
tenuates much more slowly with in- 
creased distances. This phenomenon 
may be due to scattering or refraction 
due to moisture ot to temperature dif- 
ferences, Dr. Newman says. 

► MW Coinmunications-This new 
knowledge should prove extremely use- 
ful in in icrowave communication net- 
works. When these arc constructed 
over water or wild terrain, it is not al- 
ways convenient to locate repeater sta- 
tions within line-of-sight distance of 
one another. If greater range can be 
obtained without huge increases in 
power, this problem is greatlv eased. 

The technique is not applicable to 
radar where the echo signal is too small 
to make the return trip bcv’ond line- 
of-sight distances, 

►Other AcUvities-Approximatelv 30- 
40% of the Propagation lab’s 10-man 
professional scientific staff is currently 
exploiting what T. F. Rogers, assistant 
lab chief, calls a “technological breiik- 
through” for a classified program. (A 
"technological breakthrough" is a term 
used to describe a fortuitous techno- 
logical discovery which holds great 
promise for solving a pressing militarv' 
problem.) 

This lab is also experimenting with 
COZI— the Communications Zone In- 
dicator-developed initially by RADC, 
as a long-range radar but which is more 
useful in determining the amount of 
power reaching a remote location and 
the optimum transmitting frequency to 

► Propagation Cliaracteristics-Otlier ac- 
tivities include investigation of the pro- 
pagation characteristics of uitro-micro- 
waves— whose wavelength approaches the 
infra-red region. 

In its research, tlie Propagation lab 
works closely with scientists in 
AFCRC’s Geophysics labs, because of 
the interrelation of atmospheric condi- 
tions and disturbances on the propa- 
gation of electromagnetic radiation. 

In the past tliere was a tendency for 
communications and radar equipment 
designers to overlook propagation and 
atmsopheric effects, Dr. Newman says. 
As an example, he cites the choice of 
the 1.25-cm. (K-band) wavelength for 
radar during the last war. 

This wavelength was almost the 
worst possible choice, because attenua- 
tion of radar signals by moisture and 
rain is a maximum at that particular 
wavciengrir, Dr, Newman points out. 

The Propagation laboratory has been 
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delegated piime lesponsifaility in this 
area by the Ait Force, and it serves as 
a consultant to other ARDC centers, 
operating commands, and industry. 

RF Componen^s Lab 

The ideas for new experimental 
ground-based radars and many of the 
components needed to build them are 
developed in the RF Components lab- 
oratory, headed by Dr. L. M. Hollings- 
worth. 

For example, the idea behind Project 
Volir, a single radar using multiple 
stacked beams to provide information 
on target azimuth, range and height 
(normally requiring two separate ra- 
dars) came out of this lab, Dr. Hol- 
lingsworth says. So did many of the 
techniques and components which 
made Volir possible, such as the use 
and phasing of 10 magnetrons to pre- 
side extremely high output power. 

► Lab Sections— The RF Components 
lab is staffed by approximately 50 peo- 
ple, of whom tougmy three-quarters are 
either engineers or what Dr. HoHIms- 
worth calls "super technicians.” The 
lab is divided into four sections; 

• Receiver Circuits. 

• Modulator and MTI (raoii ng target 
indicator). 

• Transmission Lines. 

• Electron Tubes. 

► Receiver Ciicuits-In recent months 
there has been more emphasis in the 
Receiver Circuits section on improved 
MTI circuit techniques to improve 
radar's ability to pick out targets from 
surrounding clutter. 

In the same section there are studies 
on the effects of frequency and pulse 
repetition rate on an airborne radar’s 
ability to discriminate between different 
types of ground targets. 

Another area of activity is the design 
of tiny experimental subminiature radar 
beacons. 

► TTie ‘‘Talking Monster"— The Re- 
ceiver Circuits section has devised an 
ingmious gadget, sometimes referred to 
as "the Talking Monster,” or "Project 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents. are available to scientists seeking solutions to 
instrumentation and control problems. 
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'I’alk-back,” It permits a pilot ot radio 
incclianic to chec); the transmission and 
reception of an airplane's communica- 
tions equipment, without bothering 
control tower personnel. It could find 
application to civil air operations. 

Gen. E. E. Partridge, returning from 
a visit to Korea, reported that pilots 
there would often call the control 
tower to ask whether their signal was 
getting through, diverting tower per- 
sonnel from other duties. 

►-‘Automatic Tape Recorder— The Re- 
ceis'cr Section's solution is a small tape 
recorder which is wired into the control 
tower radio receiver squelch circuit. 
\Vhen a pilot wants to cheek his radio 
gear, he tunes to the regular tower fre- 
quency and clicks his microphone but- 
ton three times, which starts the tape 
recorder. Tire pilot identifies his air- 
craft. and says: “Test, one, two, three." 
Tile recorder then plays back tliis test 
transmission over the tower's trans- 

The entire check procedure takes 
onlv 10 seconds, and is completely au- 
tomatic insofar as tower personnel are 
concerned. Maintenance crews clieck- 
ing radio equipment on tlie ground can 
also use the "talking monster." 

The device uses a continuous mag- 
netic tape rotating on a thin drum. It 
can be connected into the control 
tower reoiiver with a minimum of re- 
ceis'er modification, and without any 
change in the transmitter. 

► Static Signal Convertcr-A Static (non- 
vibrator) type of converter for changing 
d.c. signals to a.c. has been developed 
in the Modulator and MTl section. 

The d.c. signal is applied to an argon 
glow tube whose light output excites 
photo cells to produce a proportional a.c, 
signal whose phase depends upon the 
polarity of the d.c. input. 

Advantage of this photo converter 
os er conventional vibrator choppers, ac- 
cording to Dr. Hollingsworth, is its high 
impedance input, lack of mos ing parts, 
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and its abilih to operate on carrier fte- 

J uencies up to 5 kc. He also says the 
es ice is mote stable than conventional 
vibratory signal converters. 

► Other Projects-Major activities of 
this section, as the name suggests, are 
in the field of magnetrons, pulse trans- 
formers, and M'll devices. Tire pet- 
fonnance of each of these devices is 
hcavilv dependent on the characteris- 
tics of the other two. 

In addition to development work on 
magnetic modulators, this section often 
runs tests on new in.ignctic materials 
to obtain response characteristics 
that are needed bv pulse transformers 
designers. 

This data is sometimes converted to 
easy-to-use charts to simplify pulse 
transformers design. This section has 
analog computer capabilities. 

► Dielectric W'aveguides— As radar 
wavelength goes down, the waseguides 
used to transmit RF energy get smaller 
and more difficult to manufacture. The 
con\’entional metal waveguides also tend 
to become “loss-icr,” Dr. Hollings- 
worth states. 

lliis explains why the Transmission 
Line section is casting an eye at wave- 
guides made of dielectric materials, par- 
ticularly for the extremely higli-fre- 
qucncs' radars. Tlie problem is that the 
present low-loss dielectrics (polystv- 
rcncsl arc structurally weak when sut- 
jeeted to the scry high temperatures 
tiiat are encountered in highspeed jet 
aircraft. 

One product of this section is a 
parallel plane tuner to vary the fre- 
quency of klystron tubes. It has en- 
abled AI-'CRC to get 30 svatts output 
posver from a klystron rated at only 
10 svatts. The device achies’es the in- 
crease by maintaining ideal alignment 


Manufacturers producing nicrided parts for 
aircraft, engines, and heavy machinery items 
have found that more production is possible at 
a saving in cost when they use the Hevi Duty 
Car Boccom Nicciding Furnace. 
The furnace car, complete with 
sealed retort and ammonia 
dissociation equipment 
can be removed from 
the furnace for cooling 
and a second car with 
a cold load can be 
inserted immediately for 

between heats. 
Write for Bulletin HD-664 
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has more substante to it! 


The Sonic Barrier was lough enough! 

But penetroting the well of high temperotures 
thot lies ahead requires development of many 
new components, 

We specialize in development and manufacture 
of oircraft and engine components made of high 
temperature alloys. 

Perhaps we can aid you in your progress toward 
high maeh number performance. 
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of kU'stron elonicnts during tuning. An- 
other development is a non-mechanical, 
instantaneous attenuator for radar trans- 

► Mathematical Vacuum Tubes- Xon- 
linear vacuum tubes which can perform 
computing functions are one area of 
activity in the Electron Tubes section. 
Cunent developments include a 
"s^are law” and “logarithmic” tube. 

'rhe square-law tube can, for example, 
be used to obtain the product of two 
quantities, each represented bv a volt- 
age ("X” and "Y”) in the following 

The sum of the two voltages is 
squared in one tube, a voltage propor- 
tional to (X*-)-2XY-f-Y‘). The dif- 
ference between the two voltages is 
squared in another tube giving a volt- 
age proportional to (X* — 2XY Y*). 
These tw’O voltages arc subtracted from 
each other, leaving a voltage equal to 
4XY. Then, by a voltage divider, one- 
quarter of this voltage is obtained to 
give XT. the desired product of the two 
quantities. 

►Glass Blowers— The Electron Tubes 
section has glass-blowing facilities 
which enable it to fabricate most of its 
experimental tubes within the lab. 



Lab blows its own experimental tubes. 


The only exception is hydrogen- 
filled thjratrons. Present AFCRC fe- 
cilities (in former old warehouse) ate 
not considered suitable or safe for han- 
dling hydrogen. 

When pilot q^uantities of an AFCRC 
tube arc needed, they are usually pro- 
duced by outside tube manufacturers 
to AFCRC specs. For example, the 
non-lmear vacuum tubes are built by 
Raytheon Mfg. Co. 

► L-Calhode— One cunent program is 
to improve the L-cathode developed by 
Philips-Eindhoven of Holland. Poten- 
tially this type cathode is more rugged 
and can be operated at higher current 
levels. However, Dr. Hollingsworth 
says, U. S. tube manufacturera have sen- 
erally had trouble keeping the emftter 
inaterial on the cathode. The tube sec- 
tion is trying to solve this problem. 

I This section also develops neon-tube 
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L-TYPE CATHODE and external anode 
are employed in this experimental tube. 


noise generators, used to check receiver 
signals to noise ratio, for the ultra- 
microwave r^ion where they are not 
commercially available. Dr. Hollings- 
worth says. 

Antenna Lab 

Research into the characteristics of 
electromagnetic radiation in the micro- 
wave region and development of devices 
to control radiation patterns has fre- 
quently caused the Antenna laboratory 
to turn to optical discoveries made 50- 
100 vears ago. Dr. Roy C. Spencer, lab 
chief, told Aviation Week. 

In fact, the lab's professional scien- 
tists (approximately 20 in number) are 
mostly physicists and mathematicians 
rather than electronics engineers. Tliat 
is because at the very short wavelengths 
used in radar, electromagnetic radiation 
shows many of the characteristics of 
light. 

It is because microwave energy is 
scattered and reflected from solid ob- 
jects, much like light, that radar is able 
to "see” these targets. The strength of 
the radar echo, like the amount of light 
reflected from an object, depends upon 
the object’s size, shape, and projected 

Because of this similarity the antenna 
lab has been able to study some of the 
properties of radar scattering, and com- 
pare the effective radar reflecting area of 
different shapes of aircraft by studying 
the amount of light reflected from small 
models. 

A small model aircraft is illuminated 
by a point source of light and a pho- 
tograph taken from the same direction 
to record the amount of reflected light. 
Balls of varying diameters arc placed 
along side the model to serve as stand- 
ards, i.e. to compare the amount of 
light reflected by a ball of known size 
with that reflected by the model air- 

► Microwave Optics— From the very 
early days designers have patterned ra- 
dar antennas after the parabolic search- 
l^ht reflector. In order to focus radar 
energy into a nanow pencil beam, 
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Another outstanding EAD contribution to the 
miniaturization program is (his extremely small, 

S decision motor. Engineered for long lije and 
ngli efficiency, it is especially designed for opera- 
tion in confined areas where minimum size and 

Units are available in this small frame size for 400 
cycle or variable frequency operation, with 400 
cycle power ratings ranging up to approximately 
1/100 H.P. Modifications include high ambieni 
and high altitude versions as well as servo, syn- 
chronous and gear motors. 

400 CYCLE OPERATING CHARACTERISTICS 

APPROXIMATE R.P.M. 7,000 10,500 21,0^ 
PHASES 1.2 1,2,3 1,2,3 

INPUT VOLTAGE 115 115 115 

(MAXIMUM) 


j^smwjvAf^ Bewces. me. 
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REFLECTED highliglib on model and 
leleience balls gives measure of ladai cn- 
ccgv' that achial plane wniild reflect. 


the source of radar energy is located at 
anttnna’s focal point. 

Although this practice is still widely 
used, other more sophisticated optical 
principles are being adapted to the 
shaping of microwase beams. One 
technique nhich has been explored in 
the .Antenna lab is to place the micro- 
wase source behind a metal lens, con- 
sisting of many square waveguide tubes 
of varying depth. This metal lens fo- 
cuses microwaves much like a common 
re-.iding glass focuses light. 

^Antenna Designs— .An unusual an- 
tenna design, imented by Dr. Spencer, 
consists of two metal sheets, each bent 
in the form of a parabolic evlinder, but 
joined so that their principal axes ate at 
right angles to each other. Energy radi- 
ated from a small horn inserted through 
a hole in one sheet bounces back and 
forth betneen the metal sheets and 
emerges as a parallel (collimated) beam. 

For ground or airborne surveillance 
radars, it is desirable to use a fan-shaped 
beam instead of a thin pencil beam. 





manufacturing company, inc. 
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NOPCO LOCKFOAM 

Versatile KiW Structural Tool 



0PC08 Lockfoam ofii 
design, engineering, and mi 
As, a strong, lightweight reintoicing material it has won im- 
iiietiiain acclaim in the aircraft industry. 

exceitliunal case and speed without the need for complicated 
equipment, Nopco Lockfoam possesses so many other interesting 
properties that it has proved ideal for countless applications. 

Nopco Loekloain can be foamed in place to fill any cavity 
regardless of configuration. Density of the material can be ad- 
justed to meet design requirements. Bonding is auiomatie. 
Radar transmission characteristics are excellent. It can be used 
for electrical anil thermal insulation. In its flexible forms, it is 
capable ef absorbing heavy impact loads with low shock trans- 
mission. Physical and chemical properties may be varied but 
are prciliclabic and reproducible, Lockfoem can also be cast in 
molds, fabricated in bolli rigid and flexible forms. 

of a technical service staff in the selection, 
alion, end application of Lockfoam is available from 
‘s Lockfoam Division. Send for complete technical data. 
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DOUBLE parabolic cylinder antenna forms 
MW cnet|y into parallel beams. 


This can be acconiplislicd by “distort- 
ing” the normal paraboloid shape of the 
antenna, or by using an extended mi- 
crowave energy feed to tlic antenna. 

A new technique, recently developed 
by Dr. F. S, Holt and C. J. Sietter of 
the Antenna lab, uses a waveguide with 
slots milled in its side through which 
the energy 'leaks." This technique has 
resulted in certain improvements, Dr. 
Spencer says. 

The shape of a radar beam generated 
by a microwave lens or aperture is de- 
termined by the relative phase and 
amplitudes of the electromagnetic fields 
in front of the lens or aperture. The 
Antenna lab has developed an extremely 



PHASE ODd amplitude of microwave fields 
can be plotted on this device. 


useful device for checking antenna pet- 

ures and plots phase and amplitude 
contours for various types of radiators. 
► Microwaves on a Stfng— Unlike low- 
frequency power, which can be trans- 
mitted over conventional wires, micro- 
waves have required expensive and 
difficult-to-manuracture waveguides or 
coaxial cables. 

But a phenomenon discovered since 
the end of the war— that microwave 
energy will cling to the outside surface 


of a conductor— may permit the use of 
single-wire transmission lines. Tlie Sig- 
nal Cotps, for example, has developed 
a "G-string" type of microwave con- 
ductor consisting of enamel-covered 
wire in which microwave energy clings 
to the enamel and the wire acts merely 
as a mechanical support. 

Other types of similar transmission 
lines are corrugated rods and ferrite- 
coated wires. They were first studied 
by Walter Rotman and F. f. Zucker of 
the Antenna lab here, according to Dr. 
Spencer. He adds that single-wire lines 
show promise of usefulness in the mi- 
crowave region. 

►Flush-Mounted Antennas— Radar an- 


tennas have long been a thorn in the 
side of aircraft designers. No matter 
where you hang them, radar .antennas 
usually compromise clean aerodynamic 
design. 

The Airborne Antenna section of the 
lab is experimenting with new types of 
radar antennas which can be flush- 
mounted with scarcely a bulge showing. 
These antennas could also eliminate the 
need for the considerable space within 
the airframe to permit the radar an- 
tenna to rotate or scan. 

► Twinkle, Little Star- The growing in- 
terest in automatic star trackers for 
automatic celestial navigation has 
prompted more than romantic interest 
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in tlic twinkling of stari— the source of 
the reference signals that guide tiic star 
trackers. 

To Dr. Heinz Fischer of the Spec- 
troscopy section of the Antenna lab, 
this "twinkle" is plain “noise." And 
the ratio of signal to noise is most im- 
portant for star trackers. This is one 
of the research programs under way in 
this section. 

► Hydrogen Reversal— Among other 
problems under investigation is high- 
density gaseous spark discharge. A 
spokesman says Dr. Fisher has photo- 
graphed the reversal of hydrogen lines, 


which indicates higher temperatures 
than had been previously reported in 
technical journals. 

Dr. Spencer considers this an im- 
portant milestone in the history of 
spectroscopy. 

► Some Research Outside— The An- 
tenna lab farms out some of its research 
programs to universities. For example, 
basic research in electromagnetic theory 
is done at New York University, slot 
ladiation work at Brooklyn Pojytech. 
and microwave optics at McGill Uni- 
'crsily in Montreal. 

recent four-day symposium on 
microwave optics at McGill Drought to- 
gether some of the world's top e.xperts 



FLUSH RADAR ANTENNAS are a 
"must" for jets. 

in radar, antennas, optics, and informa- 

The nature of Antenna lab research 
involves considerable mathematics and 
computational work. In addition to 
familiar desk calculators, the lab uses 
a recentiv obtained Monorobot digital 
computer, the first which Monroe Cal- 
culating Machine Co. has delivered, 
according to Dr. Spencer. 

Computer Lab 

For several years, .AFCRC engineers 
have been applying digital techniques 
to the processing of radar and other 
tvpes of information. Recognizing that 
these techniques will play an increas- 
ingly important role in future Air Force 
systems, AFCRC formed the Computer 
Lab to bring together some of the 
groups which have been working on 
digital techniques. 

The major efforts of this lab are de- 
leted to digital data-processing require- 
ments, both current and anticipated, 
for systems under development by the 
Center. In addition, the Lab maintains 
a Coniputional Section which provides 
mathematical assistance to AFCRC sci- 
entists by programming problems for 
solution on the Munurobot and the 
.AFCRC-developed ABC (Automatic 
Binary Computer). 

AFCRC expects these electronic 
computers to be useful in advance eval- 
uation of the relative effectiveness of 
alternate system designs. 

Systems Project Office 

Within the past several months, re- 
sponsibility for all ground environment 
equipment used in the continental air 
defense system now under design has 
been delegated to AFCRC, and in turn 
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Combat mission ... or freiabi flight . . . now we are working 
to help the pilot locate his position witliout a radio beacon 
— merely by equipment right in the cockpit of his plane! 
Thanks to a Ford Instrument Company design, deielop- 
ment and manufacture . . . another step is being taken toward 
greater flying safety. 

This is typical of the problems that Ford bos been given 



by the Armed Forces since 1913. For from the vast eugineer- 
ing and ptodiiction facilities of the Ford Instrument Com- 
p.my. come the mechanical, hydraulic, electro-mechauieal, 
inagnelic and electronic instruments that bring us our "to- 
monows" today. Control problems of both industry and the 
Mililaiy are Ford specialties. 


9 

FORD INSTRUMENT COMPANY 

DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue. Long Island City I, N. Y. 
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Wyandotte Chemicals — the world’s 
largest manufacturer of specialized clean- 
ing products for business and industry 
— offers outstanding products and skilled 
technical service for these typical air- 
craft-cleaning and processing problems. 

1 Aluminum cleaning 

2 Deoxidizing aluminum prior to 
spot welding 

3 Magnesium cleaning 

4 Removing heat-treat scale from 
stainless steel 

5 Brightening heat-treated 

6 Paint-booth coating 

7 Water-wash paint-booth 

8 Electrocleaning 

9 Barrel finishing 

10 Paint removing 

1 1 Steam cleaning 

13 Emulsion cleaning 

13 Carbon removing 

14 Integral fuel-tank desealing 

15 Removing exhaust stains 

16 Washing aircroft exteriors 

17 Floor absorbents (anti-slip) 

18 Engine test-cell cleaning 

19 Washing-machine cleaning 

20 Aluminum brightening 

For Information circle the number on 
the coupon for each problem you’re in. 
tcrested in. Well send FREE DATA. 
WyandotU CAemicofi Corp., IVyan- 
dotte, Mich.; alto Lot Angela IS, Calif, 
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to the Systems Project Office here. 

Tlic SPO was set up several years ago 
when AFCRC found that research and 
component development suffered when 
the same group fried to carry on systems 
engineering, according to Dr. Edwin G. 
Schneider. 

SPO also carries out sub-system engi- 
neering to support the air defense pro- 
gram, the RADC tactical air weapons 
system program, or for miscellaneous 
projects. This group docs some ‘'hard- 
ware" work, to the extent of assembling 
new components into a breadboard svs- 
fem to prove new svstem concepts de- 
veloped within the SPO. 

However, SPO tackles component de- 
velopment only when the Component 
iSr Teclmic|ues group can't handle it. 
► Guiding Air Ciefense-nie SPO group 
to guide all air defense ground equip- 
ment development activities is now fac- 
ing formed. Headed by M. A. Chaffee, 
its job is to survey the entire air defense 
pro^m to determine the compatability 
of individual portions of the svstem. 

For example, AFCRC must see to 
it that the Hughes Aircraft fire control 
system, to be used in our newest inter- 
ceptors, will cooperate properly with 
the ground-based equipment. Anti-craft 
missiles and their ground avionic equip- 
ment, must also be integrated into the 
system. 

Air defense project will also look for 
possible duplication of efforts, as well as 
areas where more work is needed. 

The group itself will probably be 
small, made up of individual specialists 
in such fields as radar, data handlers, 
data link, missiles and interceptor fire 
control, to mention a few. 

AFCRC is not new to air defense 
work. For sci-eral years an AFCRC 
group has been working in the Lincoln 
laboratories on one phase of the over- 
all system- In addition, Lincoln labs 
have brought specific research and com- 
ponent development problems to 
AFCRC for work in its labs, 

►Specs for Hardware— One important 
SPO task will be to prepare specifica- 
tions for the procurement of prototype 
equipment for the air defense system. 
Actual procurement will be handled by 
the Air Materiel Command, and a small 
AMC unit may be located at AFCRC 
for closer liaison. 

Larger contractors may have an edge 
in the early phases of the program, be- 
cause most of the contracts will be for 
large complex sub-systems. 

Later, when the’ system is proven, 
and performance tolerances can be es- 
tablisned for individual components, it 
should be possible to bring in more 
small contractors, a spokesman indi- 

► Traffic Control Computet— A system 
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designed to schedule aiitomaticplly the 
orderly floiv of air traffic in the area 
around an airfield to permit the land- 
ing of two aircraft per minute (per in- 
.strument runway), is anotlicr SPO pro- 

Callcd Project Volscati, the svstem 
consists of a track-while-scan radar which 
supplies azimuth as well as range data 
on all aircraft in the area to an analog 
computer which schedules their ap- 
proach to a GCA or ILS "gate.” 

► Picking a Slot— When a new aircraft 
enters the controlled area, it is picked 
up by the radar and the com|)utcr cal- 
culates its earliest time of arrival at 
the final approach gate. Ixiscd on its 
present position, altitude, and speed. 

If this earliest time of arrival docs 
not conflict with other aircraft, the new 
aircraft continues straight in. If tlierc 
is a conflict, the computer looks for the 
next vacant "slot," and then calculates 
a detour course which will bring tlic 
new airplane in at the later time. 

In the event the nevvlv arriving air- 
plane has lost an engine or is sufreiing 
battle damage, the computer can be 
instructed to "bump" one of the ]ire- 
viously scheduled aircraft to make wav 
for the emergency approacli, 

► Automatic Flight Control- Although 
the scheduling calculated by the com- 
puter is presently transmitted oiallv bv 
radio, the same information could be 
transmitted by data link to give each 
pilot visual steering instructions and/or 
provide signals to the plane's autopilot 
to control its flight patli automatically. 

The 1953 Thurman H. Bane avvarf 
for outstanding achievement in aero- 
nautical development was recentlv made 
to Benjamin F. Green, Jr. of AFCRC 
for his work on Project Volscan. 

► Project VoHr— During World W'at II, 
two separate surveillance radars were 
used jointly, one to determine target 
azimuth and range; the other to meas- 
ure target height. 

Shortly after the war, Cambridge 
launched Project Volir— the develop- 
ment of a single radar and single an- 
tenna capable of simultaneously pro- 
viding azimuth, liciglit, and range data. 

But it recognized that a three-di- 
mensional radar, such as Volir, raised 
display and “bookkeeping’’ problems. 
How do you display and keen track of 
hundreds of targets in three dimensions 
on a cathode ray tube which has only 
a two-dimensional display capability? 

AFCRC’s solution was an automatic 
digital tracking analyzer computer 
f.ADTAC) vvhicli accepted data from 
the Volir radar and kept a running rec- 
ord of the range, azimuth, and height 
of up to 400 different aircraft. ADTAC 
would produce this data (plus target 
velocity) for anv- specific ta^et upon 
"request" of its human operatois. 
.ND’T’AC was tested last Summer and 
the results are currently being evaluated. 
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VHF Omnirange Systems (VOR) 
Terminal VHF Omnirange Systems (IVOR) 
Instrument Landing Systems (ILS) 
Far Markers 
Marker Beacons 


All these arc available 

ITe manu/ac/ure a complete 
line of ground navigational aids. 
Trite Jar literature. 
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SIGHT AT NIGHT rcquices a plane to carry many antennas, like one shown in mnek'up. 

WADC’s Aircraft Radiation Labi 


Where AF Perfects Radar ‘Eyes’ 


Dayton, Ohio— Ilow can vou spot 
two dozen enemv tanks moving up 
under cover of darkness when you're 
zooming overhead in a 600-nipli jet? 

How do you pick out an important 
strategic target on a bombing radar 
scope when you don’t know the target's 
exact location rclatirc to known land- 

And wlicn tlicrc are no distinctive 
landmarks, how do vou train radar bom- 
bardiers to familiarize them with how 
an enemy landscape will appear on a 
radar scope? 

Tliese are some of the knottv prob- 
lems under inrcstigatioii in WAbC's 
Aircraft Radiation Laboratory, which 
might more aptly be named. “Tlic Sixth 
Sense lab." 

► Mission; Vision— ARL’s mission is to 
develop techniques and equipment 
which will enable our airmen to extend 
range of their vision .ind enable them to 
penetrate darkness and os-crcast to see 
and identify enemy aircraft, and strate- 
gic or tactical targets. 

Another important ARL mission is to 
develop airborne countermeasures equip- 
ment capable of neutralizing cnemv air- 
borne and giound-ba.scd radar and com- 
munications. 

► ARL Branches— Headed bv Col. C. H. 
Lewis, the Aircraft Radiation Labora- 
tory is divided into six branches: 

• Advanced Development, under P. J. 

• Cauntccmcasures, under George Rap- 
paport- 

• Search Radar, under C. J. Marshall. 

• Guidance Development, under R. E. 


• Design Engineering, under C. N. 
Kelier. 

■ Instalbtion Engineering, under R, M. 
Worley, 

Advanced Development 

“We get lots of 'stuff on our radar 
scopes that we don't understand which 
may have important significance and 
which could be sorted out," according 
to F. L. Hollowav, Teclinical Director 
of ARL. “W'e need to get more basic 
information on the significance of radar 
return," he adds. 'I'his is the kind of 
assignment delegated to .ARL's Ad- 
vanced Deselopmcnt branch which does 
much of the applied research within the 
Lab and most of its in-house develop- 
ment. This branch is divided into three 
sections; 

• Wave Propagation. 

• Antenna Design, 

• Applied Physics. 

► Wave Propagation Section— Overly 
enthusiastic claims sometimes made for 
radar tend to obscure the fact (to those 
outside the radar field) that looking at 
a bombing radar scope is a far cry nom 
looking out a \isual bombsight on a 
clear dnv. Reading a radar scope in- 
volves considerable interpretation, much 
of it of an empirical nature. That is 
what Molloway means by bis statement 
about "lots of stuff on our radar scopes 
that we don't understand." 

One program iindcnvay in the Wave 
Propagation section is intended to find 
out more about how specific types of 
terrain and materials look on radar. 
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provides protection for 3-phose 
aircraft electrical power system 


This new Westinghouse a-C generator conirol panel 
— total weight only 12 pounds — provides />oi«r«»'e pro- 
tection and continuity of service for any 115/200-volt, 
3-pbase aircraft electrical power system. 

The panel's unfailing efficiency is due to the depend- 
able operation of the following electrical components: 
Generator control relay . . . differential protec- 
tion relay . . . overvoltage relay . . . transformer- 
rectifier. ..field flashing circuit... power indicator 
relay . . . power selector rectifier . . . lockout relay. 
All are built into a one-piece mounting base, which 
in turn is mounted on an ejector rack designed in 


strict accordance with USAF Drawing 52D 21558. 

The main contacts of the latcb-iype (electrically or 
mechanically operated) trip-free generator control 
relay — a Westinghouse innovation — are enclosed in 
permanent magnet blowout arc chutes to assure posi- 
tive arc interruption. Auxiliary contacts are available 
for closing or tripping the circuit breaker. 

For further information on this new Westinghouse 
control panel or other aviation products, call your 
nearest Westinghouse representative, or write 
Westinghouse Electric Corporation, P. O- Box 868, 
Pittsburgh 30, Pennsylvania. J-03013 
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That is, what kind o( signal returns 
(echoes) are received from different 
types of terrain and what are their dis- 
tinguishing features. 

► Studying the Pulse— Airborne targets 
return only a small amount of radar 
energy, often making them difBcult to 
detect in the presence of energy re- 
flected from moisture in the air. Tire 
AVP section is analyzing the echo signals 
from airborne targets in an attempt to 
extract all possible information from 
them. As a part of this study, the WP 
section needs to analyze each indi- 
vidual pulse of echo energy, rather than 


the average signal which appears on a 
radar scope. 

Another propagation study in this 
section is aimed at determining the 
cause of sporadic fading in radio air-to- 
air communications. 

►Antenna Design Section— Applied re- 
search into the design of airborne radar 
and countermeasures antennas for op- 
eration at frequencies “from d.c. to 
infrared— whatever the enemy chooses 
to use,” is the way Fanning describes 
the problem of the Antenna Design sec- 
tion. The solution becomes more di(E- 
cult for highspeed aircraft, Fanning 
points out, where antennas must be 
flush-mounted or nearly so. 


As possible solutions, the AD section 
is investigating recessed and slot an- 
tennas as well as e.vciting portions of the 
airplane fuselage or empcnn.ige to serve 
as a radiator. 

Asked about progress, Fanning says 
it has been ‘'considerable." "We have 
been able to design flush antennas to 
give the desired radiation-but not at 
ail the frequencies, yet," he says. 

Fanning notes tliat ARL has a very 
complete antenna testing facility, pos- 
sibly the best in the country. 

► Applied Physics Section— The Applied 
Physics section is devoting most of its 
efforts to developing ultra-sensitive in- 
frared detectors and studying the propa- 
gation characteristics in this region. 

Generally speaking, inft.ired has the 
same distance limitations as visible 
light. Hence it appears attractive for 
night operations, but not too good for 
operations in rain or mist. ARL views 
infrared as a supplemental aid to radar 
and not as a potential replacement for 
it, Holloway says. 

Countermeasures 

Airborne Electronic Countermeasures 
(ECM) is the science of denying the 
enemy any advantage that he might 
gain in his use of electronic systems de- 
signed to defeat our aircraft or missiles. 
\fost of the Air Force’s airborne ECM 
work is canied out in the Countermens' 
ures branch here. 

► Easier and Harder— In one respect air- 
borne ECM engineers have an easier )ob 
than their ground-based counterparts at 
Rome .\ir Development Center; in an- 
other sense their job is much more diffi- 
cult. The job is easier for WADC be- 
cause electro-magnetic radiation doesn’t 
respect or stop at national boundaries. 

T hus by the very nature of the prob- 
lem, the airborne ECM engineers get 
some advanced information on the 
characteristics of the ground equipment 
which thev ma\' be called upon to jam 
in eseiit ot war, while the ground-based 
equipment engineer neset knows what 
airborne ECM will be thrown at him 
until war breaks out. 

► Other Side of the Coin— Tlie airborne 
ECNf engineer has his problems, 
though. F.CNf has to compete for space 
and clioice location on a liomber with 
«uch things as fuel tanks, bombing sys- 
tems, and armament. 'I’hc weight, size, 
and complexity of airborne jamming 
equipment is necessarily limited because 
it must be carried in an airplane. 

1'lie ground radar designer, effectively 
without am of these limitations, can 
go to gre-.it pains tu build in sophisti- 
cated anti-jamming circuits. What is 
uioro, he lias a great deal of power to 
"play with,” while the airborne jammer 
must opcr.itc with much more modest 

fn neither case docs the ECM engi. 
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neer, have a bed of roses in his work. 

Col. Lewis told .•Xvi.s rio.x \\‘ei:k that 
he believes that "ECM requires as 
much technical skill and ingenuity as 
tiny otlicr equipment under detelup 
iiicnt in ARL." He adds that the 
KC.M art is so "sophisticated and com- 
plex” that the majority of these devel- 
opments must be given to contractois 
with considerable technical capability. 

► ECM Activities— 'llie Countermeas- 
ures braiieh is divided into five sections; 

• Jainmiiig Systems. 

• Chaff Systems. 

• D«cption. 

I'or security re-asons, Holloway dc- 
chiicd to discuss details of the work 
in each of the sections, except to out- 
line their general areas of activity- For 
example, tfie Reconnaissance section de- 
velops airborne equipment designed to 
.'carch the RF spectnani, analyze, and 
record cncniv radiation. 

File Jaimniiig section develops equip- 
ment which creates RF "noise” to block 
out enemv ground or airborne radars. 
The Chaff systems section develops new 
tvpcs of chaff and airborne dispensers. 

As used in World \Var II. chaff con- 
sisted of finely shredded pieces of 
altimimun foil wliich were dumped out 
by our bombers. 'I'hc chaff drifted 
slowlv earthivard. reflecting energy fronl 
cnemv gnmiid-bascd radars, creating the 
illusion of false targets ;md cluttering 
the enemy radar scopes. 

The Deception section devises new 
electronic methods for creating confu- 
sion among encmv radars. Tlie Research 
section presumahlv senes all of the 
other sections in the branch. Roughly 
25% of the Research section's work is 
in-housc development. Col. Lewis says. 
Practically all developments in the other 
Eve sections are contracted out. 

Asked liow the Countcrnicasirrcs 
Brancli tests tlie effectiveness of its 
ECM, Col. Iziwis replied that new 
components are tested against RADC 
equipment at .^ir Force Armament 
Center. Fie points out. though, that 
ECM is a never-ending race. The enemy 
c.m be expected to develop techniques 
for countering our ECM. 

Search Radar 

The application of nirbonie radar and 
television equipment to get more aerial 

in| studied in the Search Radar branch. 

► Search sections— Tlie Search Radar 
branch is divided into five sections: 

• Radar Reconnaissance. 

• Surveillance. 

• AMTI (ait moling ta^ct indicator). 

• Television, 

► Radar Recomuiissance— In recent 


Common Denominator 



of all LINK 
Electronic Eqaipment. 

INFINITE 

PRECISION 


giiouarlrjHflsbi 


LINK invitee, ciiiploynient applications from engineers and draflsmcn* 


AVIATION WEEK, 


17, 1953 


347 





AVIONICS 




is partly due 
' display cit- 
ray tubes, 
says, and partly to improved 
:s tor photographing radar 


itly out of focus and 

Nerv techniques developed in the 
Radar Reconnaissance section enable an 
operator to chech the focus of tbe 
camera on the scope, and make adjust- 
ments if necessary. This section has 
also devised new controlled techniques 
for developing and printing radar scope 
photos to show greater detail. 

Howes'cr, the primary task of this 
section is to deselop new search radars. 
Frequently these developments are later 
adapted to other uses, such as for bomb- 

The distinction between search 
end nasigation radars is this, according 
to Holloway; Search radars, used for 
ground reconnaissance mapping usually 
require greater precision than navigation 

► Suncillance Section— The term sur- 
veillance radar is applied to airborne 
radar used to detect other aircraft (or 
missiles). The Surveillance section is 
developing airborne equipment for both 
the .\ir Defense Command and the 
Tactical .\ir Command for use as early- 
wamiug radars. 

B\’ “hoisting" radars up to consid- 
erable altitudes, their range, which is 
limited h\- the earth’s curvature or 
horizon, is extended considerablv. 


ground support actic 
past, been practical 1: 
dtfBcult to pick out 
gets from the "grounc 
returned from statioi 
jects). 

Moving target im 
have been used for 
ground-based radars tc 
from spurious echos, b 
much easier there. Fi 
unwanted clutter co. 
ground objects while 


:he problem is 
ane thing the 
i from fixed 
; wanted ait- 


sible to discriminate (electronic: 
pveen the two. 

Tlic airborne MTl problem resolves 
itself into this; The airolanc and its 
radar are moving at. sav, 500 mph,; the 
target (a tank or tnrek) is moving at 
20 mnh. Relative to the radar, the 
ground is moving at 500 mph. and the 
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truck at 4S0 (or 520) mph. I'he object 
is to "tlirow out” signals received from 
the object moving at 500 nipii., while 
retaining the cclio signal from the truck 
or tank moving at 480 mph. The 
criterion for discrimination between 
wanted and unwanted signals is obvi- 
ously a very nattow one. 

Despite the difficulty of the problem, 
Marshall reports that the AMTI Sec- 
tion has “niade considerable progress 
and some specihe hardware is in sight." 
During the lean years of 1946-48, the 
work was carried on in-tlie-house, 
Marsliall says. Now it is contracted out. 

AMTI must he engineered into air- 
borne radars and cannot be added to 
existing ones, as a general rule, Marshall 
says. The reason, he explains, is the 
need for greater stability in some of the 
ladar cireuitrs'. Part of this section's job 
is to pass along its AMTI know-how to 
industry engineers under contract to the 
Radar Reconnaissance section, Marshall 

► Display Section— "Predicting, or syn- 
thesizing, the radar picture which would 
be obtained over unexplored, unfriendly 
territory is a tough problem,” is the way 
that Marshall describes one of the cur- 
rent invesHgations in the Display Sec- 
tion. "You can't go to the literature, 
like the MIT Radiation lab series, for 
Ihe answer cither,” he adds. Marshall 
points out that you can’t always rely on 
natural landmarks. The Mississippi 
River, for example, with flat land on 
cither side of its banks, would appear 
quite differently on a radar scope than 
the Hudson River which has high tocIt 
cliffs along its banks fin some areas). 

The direct opposite of this "syn- 
thesis” work is a systematic study of 
how to interpret radar scope presenta- 
tions to distinguish diSerent types of 
terrain and buildings. This program, 
the results of which are so important 
to the use of radar for reconnaissance, 
is being carried out jointly by the Dis- 

t l.ny and Propagation sections of ARI„ 
Color Displays— The Display section 
is currently experimenting with color 
cathode ray lubes for possible radar 
application in the hope of making it 
easier to discriminate between different 
types of terrain and targets. TTie idea is 
to use different colors to indicate the 
relative signal strength of the retiimiog 
radar echo— in effect adding a third 
dimension to radar displays. This sec- 
tion also develops new ty^Ks of radar 
displays with an eye cocked at the 
human engineering aspect of their de- 
,'ign. The section works closelv with 
the WADC .\cro-Med Tab, Marshall 

From the air, landmarks look con- 
siderablv different on a radar scope than 
to flic liiim.in eye, which makes conven- 


tional aerial maps of little value in radar 
navigation. The answer is to give navi- 
gators "radar maps” showing the area as 
it appears on a radar scope. The display 
section is developing techniques and 
computers to speed up the process of 
preparing radar maps. 

► "I'clevision Section— "Television offers 
attractive possibilities for aerial recon- 
naissance,” Marshall says, “because the 
intelligence can be instantly transmitted 
lack to headquarters.” 

Techniques developed in the Tele- 
vision section of the Search Radar 
branch can be applied to aerial map- 
ping under \isual conditions, to radar 
mapping under overcast conditions, and 
to the remote control of drone aircraft, 
Marshall notes. In the latter applica- 
tion, TV is used to show the cockpit 
instruments in the drone airplane. 

Advantage of TV over radio tele- 
metering, Marshall points out, is that 
TV is fail-safe: If a picture is being re- 
ceived-the operator on the ground 
knows that he has an accurate indica- 
tion of drone cockpit instrument read- 
ings. 

► Pliotos Used-When TV is used for 
direct photo reconnaissance in a high- 
speed aircraft, little information can 
be obtained bv directly viewing the TV 
screen. For that reason the picture is 
recorded on 61m on the ground so that 
it can be replaved at slower speeds. 
Another type of reconnaissance tech- 
nique is to make a mosaic photograph 
of a large area. 

Present elfort.s of the TV section ate 
devoted to devising new techniques to 
reduce the bandwidth requited to trans- 
mit the TV' picture- One technique in- 
volves the use of verv low frame rates. 
To eliminate the flicker that normally 
accompanies low frame rates, the sec- 
tion is trving a "dot interlace" scanning 
technique instead of using the conven- 
tional sequential interlace. 


Guidance Development' 

How do you quickly rendezvous 
thirsty jet bombers with their tanker 
aircraft for air-to-air refueling? How can 
jet bombers keep their station (position) 
when flyiM formation in instrument 
weather,' 'fliese are a couple of the 
problems under investigation in the 
Guidance Development branch. 

► Guidance Groups— The Guidance De- 
velopment branch is divided into five 
sections: 

• Altimeter. 

• Anti-Air Techniques, 

• Anti-Surface Techniques. 

• Radar Techniques. 

• Radio Control & Telemetering. 

► Altimeter Section— Radio and radar 
altimeters, developed in the Altimeter 
section, are not normally thought of as 
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guidance devices, although thev do 
nave important uses as such. R. E. 
Houser, fmmeh chief, points out. 

For example, in photo reconnaissance 
work, it is important that the airplane 
remain at a fixed altitude above the ter- 
rain. This can be achieved by tying in 
a radio or radar altimeter' to the air- 
planc’.s automatic pilot. Height above 
the terrain is also important to troop 
carriers transporting paratioopers. 

A new radar altimeter has been desel- 
oped by the Altimeter section which 
eliminates the old cathode ray tube type 
of cockpit indicator and substitutes a 
Veeder-counter and |)ointer type indi- 
cator, Houser says. 

Althougli the device weighs slightly 
more than its predecessor, the new alti- 
meter has a greater operating range and 
is less complex. Houser notes. The new 
radar altimeter will shortly be in produc- 
tion. It can be used for automatic alti- 
tude (terrain clearance) control of both 
piloted aiieraft and missiles. 

► Obstacle and Tail Waming-One pro- 
gram which lias just gotten under way 
is to develop an obstacle warning device, 
capable of detecting not only mountain 
tops, but smaller objects like buildings, 
towers, and even high-tension wires. 

Another program is pointed toward a 
device wliicli will warn a fighter or tac- 
tical bomber pilot when an enemy plane 
is on his tail. Functionally similar 
devices were used during World War 
II, hut when used on low flying air- 
craft. reflections from the ground cre- 
ated false warnings. 

Object of the new development is 
to eliminate false warnings from ground 
return, to extend the operating range of 
the tail warning radar, and to make it 
possible to detect smaller targets, such 
as air-to-air missiles, Houser indicates. 

► Anti-Ail Ar Surface Sections— The 
Anti-.Air and Anti-Surface Techniques 
sections have responsibility for technical 
guidance of radar techniques used in 
air-to-air. ground-to-ground, and air-to- 
ground missiles, operating through the 
armament laboratory and/or the Weap- 
ons Svstems loint Project Office. This 
includes such pilotless aircraft as the 
B-fi] (Matador) and the Hughes Air- 
craft F-98 (Falcon) air-to-air missile. 

The Anti-.^ir section also has the 
projects for developing rendezvousing 
and station-keeping techniques and 
equipment. 

► Radar Techniques Section— New tech- 
niques designed to improve the range, 
accuraev and resolution of bombing and 
firc<ontrol radar are initiallv developed 
in the Radar Techniques section. Its 
work includes the investigation of new 
operating frequencies for radar. 

Most of this section’s developments 
are performed by outside contractors. 
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A recent exception is a new range radar 
for computing figliter gunsights. The 
section here built up the breadboard 
iiiucicl. and then "sold" it to the Arma- 
ment Lab, which is putting it into pro- 
duction, Houser says, 

► Radio Control & Telemetering Sec- 
tion-Receivers and transmitters, which 
can be used either in the air or on the 
ground for the remote control of air- 
craft and target drones, are products of 
tlie Radio Control & Telemetering sec- 

In addition to these familiar uses, 
remote control set-ups are handy for 
running aerodynamic tests on new mis- 
sile airframes before the missile's own 
guidance svstem is ready for use, Houser 
points out. 

Remote control equipment developed 
by this section is used at other ARDC 
bases, Houser says. 

Telemetering equipment for trans- 
mitting data from experimental air- 
planes or missiles under Sight test to 
ground stations for recording and analy- 
sis is also a responsibility of this section. 
Houser says ffiat pulse-coded modula- 
tion is generally used in preference to 
FM/FM because it can be relayed more 
easily without deterioration of its ac- 
curacy. Another advantage is that it 
can be recorded directly on IBM cards 
without intermediate conversion equip- 
ment. Houser adds. 

Design Engineering 

Most of the activities of the Design 
Engineering branch cut across the lines 
of other branches in ARL to achieve 
uniform design engineering practices 
throughout the lab. 

► Design Sections— Tlie branch is divi- 
ded into four sections; 

• Anti-Jamming Research. 

• Requirement & Analysis. 

• Standards. 

• Instrumentation. 

► Anti-Jamming Research- "Although 
the methods and progress achieved ate 
highly classified, it can be revealed that 
research in anti-jamming techniques has 
resulted in considerable optimism in an 
area that onlv a few vears ago was con- 
sidered nearly devoid of solution," an 
.ARL spokesman says. 

Research and development of tech- 
niques to make our radars and guidance 
systems resi.stant to enemy ECM are 
the responsibility of the Anti-Jamming 
Research section. This section also acts 
as a consultant to other ARL Branches 
and other WADC labs to see that new 
anti-jam techniques are passed on to 
industrial contractors. 

Another AJR section task is to evalu- 
ate airborne equipment to determine its 
susceptibility to ECM. and then to rate 
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it with a "jamming susceptibility fac- 

► Standards Section— 'ibe Standards sec- 
tion engineers work through project en- 
gineers in other ARL groups to see to 
it that newly developed equipment 
meets AK needs in terms of produci- 
bility, reliability, tactical suitability, ease 
of maintenance, and configuration. 

This section tries to avoid the use of 
critical materials and to spot mis-appli- 
cation of components. All develop- 
ment specs are reviewed here before 
being issued, and the group works with 
AMC on ARL equipment. 

Another task is to study and consider 
the application of new components to 
ARL equipment- 

► Requirements & Analysis— AVhen a 
contractor delivers a new piece of equip- 
ment, it goes to the Requirements and 
Analysis section for test and evaluation. 

This group checks to see whether it 
meets the contract specs and other re- 
quirements established by the Standards 

► Instrumentation Section— Should test 
devices be built into a new piece of 
equipment or should separate external 
testers be used? 

The Instrumentation section studies 
each new development to determine 
how to minimize the amount of ex- 
ternal test equipment required. If a 
specialized piece of external test equip- 
ment seems desirable, this section moni- 
tors its design. 

Other activities include devising spe- 
cial testing techniques and inter-service 
standardization of common test gear. 

Installations Engineering 

Developing a new radar or ECM, and 
putting it into production, is only part 
of the job that must be done. The 
best designed radar set will give just 
so-so results if not properly installed in 
the airplane, or if the radar operator 
can’t conveniently reach its controls. 

The Installations Engineering branch 
sees to it that ARL equipment is prop- 
erly installed from both an engineering 
and a human-engineering viewpoint; 
that it is compatible with other equip- 
ment on board, and that it can operate 
from the existing power supply. 

Branch personnel plan and direct the 
installation of ARL equipment in both 
piloted and pilotless aircraft. The 
branch provides installation data equip- 
ment specs, drawings and instructions 
for bench test and flight test. It also 
provides liaison engineers to work with 
contractors. Weapons Systems project 
officers, testing facilities, or installation 
and maintenance facilities. 

The branch also functions to provide 
"feedback” to ARL project engineers 
on what type of installation problems 
may be encountered with new equip- 
ment in new aircraft and missiles. 


IF YOU WORK WITH ELECTRICAL 
OR ELECTRONIC CIRCUITS... 



A color film with schematic animation 
and supporting narration ... to help you 
select connectors engineered to your re- 
quirements and operating conditions. 
Disconnect system? Number of con- 
tacts? Voltage? Amperage? These and 
other factors are covered in this helpful 
film. In addition you’ll learn how the 
printed Cannon Plug Guide (below) 
leads you to the right connector for any 
job. Request your free showing today. 


CANNON ELECTRIC 

atnc« J91S 

Maia office sad plant. Cannon Electric Company, Lob 
A ngeles 31, California. Factories in Los Angeles, New 
Haven, Toronto. Representatives in principal cities. 



MODERN TALKINfi PICIURE SERVICE. INC. 
45 Riitktfellir Plazi. Ntw York 20. N.Y. 
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NEW ILS LOCALIZER gives straigbter low approach beam, allows easier alignment. 

Communications & Navigation Lab Reports . . , 


Automatic Navigation Is Nearer 

Dayton— "We have made iic.irlv un- 
belicx’able progress in the field of self- 


contained airborne navigation systems,” 
a spokesman for \\'ADC’s Communica- 
tions and Navigation Lab says. This 
CdrN Lab statement is encouraging 
because aircraft and missiles which can 
navigate without depending on signals 
from ground stations are practically 
impervious to enemy jamming and thus 
less vulnerable to enemy countcrnieas- 

Tliis lab is responsible for develop- 
ment of airborne navigation systems, 
airborne communications equipment, 
certain terminal area aids (both air- 
borne and ground-based) and avionic 

► The Lab’s Work— There are other 
interesting dcselopmcnts in the C&N 
lab. including; 

• Dead-reckoning computers. 

• Tiny ‘‘handie-talkie” radios for rescue 
of downed pilots, 

• Automatic rescue beacon for locating 
downed aircraft. 

• Flarcout adapter for near-automatic 
landings. 

• Automatic tuning HF transceiver, 

• Airborne teletypewriter. 

► Si* Branches— The C&N Lab, headed 
by Col. C. U. Brombach, is divided 
into six branches; 

• Self-Contained Navigation, under H. 
S. Rosenberg. 

• Ground Reference Naiigation under 
C. S. F'ranklin 

• Communications, under G. H. 
Scheer. Jr. 

• Techniques, under R. E. Kester 

• Test, under J. E. Chamberlain 

• Installations, under C. A. Ahalt 

► SCN Branch-Self-contained naviga- 
tion systems are comparativelv new. 
Until late in ^Vorld War if, dead 
reckoning involved essentially the same 
laborious manual techniques Which had 
been inherited from the sea. Aerial 
celestial navigation used manual sex- 


tants which were fundamenfalh the 
same as those that are used on ship- 

Navigational radar was one of the 
first self-contained navigation systems 
to come into use, late in the war. An- 
other was an electro-mechanical com- 
puter used in the B-29 to perform most 
of the navigator’s dead reckoning com- 
putations for him. 

A much-improved dead-reckoning 
computer, the A-1, has been developed 
by the Ford Instrument Co., under 
the sponsorship of the Self-Contained 
Nasigation branch. Another develop- 
ment, the AN/APA-58. combines a 
dead-reckoning computer and an air- 
borne radar to provide further impros ed 
navigational accuracy. 

► A-1 Computer— The navigator or pilot 
sets into the A-1 computer the plane’s 
initial latitude and longitude, wind 
velocity and heading, and magnetic 
I’ariation (difference between magnetic 
and true north). Information on air- 
plane speed and magnetic heading arc 
fed into the A-1 automatically during 
flight. The device continuously cal- 
culates and indicates airplane position 
in terms of latitude and longitude. 

Instrument accuracy is reported to 
be 1% of the total distance traveled. 
In actual use, errors may run somewhat 
higher if accurate data on wind direc- 
tion and velocity is not available 
throughout the flight. 

► AN/APA-58-The new AN/APA-58. 
developed by Eclipse-Pioneer, gets 
added information to compensate for 
changes in wind velocity and direction 
by virtue of being tied into a radar, 
such as the .AN/APS-42. 

Radar beacons on the ground, or 
other knoun landmarks appearing on 
tlie radar scope can be used to re-estab- 
lish true airplane position at frequent 
intervals and/or to determine wind 
velocity and direction. 

► Inertial & Celestial Systems- "Things 


which would have been considered com- 
pletely impossible and fantastic in 
1946, nobody questions today,” so says 
L. B. Hallman, C&N Lab technical di- 
rector in describing progress in auto- 
matic inertial and celestial navigation 
systems. 

There is no secret about some of the 
principles involved in either type of 
system; reducing these principles to 
working hardware is the real problem. 

A patent granted last year for an 
inertial navigation system stated the 
fundamentals for one such type of sys- 
tem. It involved the use of accelerom- 
eters mounted in an airplane in such 
a way as to measure its acceleration 
relative to the earth. A double integra- 
tion of the accelerometer signal gives 
distance traveled- much easier to sav 
than to do to the required accutaev. 

► Star Tracker- An automatic celestial 
navigator might consist of two star 
trackers-telescopes with photoelectric 
cells suitably gimbaled and po.sitinned 
by a servo systenr so as to keep each 
pointed at its assigned star. 1liis is 
equivalent to the two sightings nor- 
mally taken by a human navigator with 
a manual sextant. 

Telescope positions, relative to a ver- 
tical and azimuth reference (as le- 

S uired in manual sightings) would be 
sd into a computer which could deter- 
mine the craft's latitude and longitude. 

Both automatic inertial and celestial 
navigation systems are useful in mis- 
siles where there are no navigators or 
human operator to set in the inputs 
required for dead-reckoning devices. 

A spokesman says the trend is toward 
using digital (rather than analog) com- 
puters in the new navigation systems, 
but there are still reliability problems 
involved in this tvpc. 

The SCN branch also develops spe- 
cial types of navigation radars, compass- 
slaved gyros, manual sextants, and 
associated dead-reckoning and celestial 
navigation accessories. 

► GRN Branch— Tsvo recent develop- 
ments in the Ground Reference Navi- 
gation branch show promise of loiver 
sisibility and ceiling requirements for 
landing inilitarv aircraft. One is the 
,-\PN-7I flarcout adapter, developed bv 
Hazcltine; the other is improved 
ground-based ILS equipment. Both are 
under the cognizance of the GRN 
Branch’s Terminal Aids To Approach 
& Landing section. 

► Low Approach System-Tlic ILS 
(instrument landing svstem) is really 
a misnomer, it currently is onlv a low 
approach system down to 100-200 feet 
for military aircraft. 

To permit instrument weather ap- 
proaches to even lower altitudes, the 
AN/APN-71 was designed to furnish 
guidance signals for the flarcout after 
leaving the ILS glide-slope. The de- 
vice’s guidance signals can be displayed 
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Fluorescence analysis is the new, fast way to 
find out which elements and how much of each 
are in alloys — without destroying the sample 
of the alloy. 

This trick is accomplished by bombarding the 
alloy specimen with X-rays using a Fluorescence 
-Analysis Unit produced by North American 
Philips, Inc. The x-radiations of each element 
bounce off the specimen only to be separated 
according to wavelength and measured. 

As the x-radiations leave the specimen they 
shoot through bundles of fine tubes known as 
‘'collimators”. The collimator acts as a kind of 
traffic cop, keeps the rays moving in parallel 
lanes, reduces divergence. This is an interesting 


job, and we’re pleased that North American 
Philips chose Superior fine nickel tubing for it 
on the basis of its uniformity in diameter, wall 
thickness and finish. 

Undoubtedly you have opportunities where 
tubing could be helpful — as a carrier, a weight- 
saving structural member, or as a shape that saves 
machining time. Look into the variety of forma, 
sizes, and analyses Superior produces to tight 
specifications. Take advantage of the experience 
and testing facilities that Superior brings to focus 
on your problem. Tell us the nature of your 
application and we’ll send you information and a 
Data Memo by return mail. Superior Tube Com- 
pany, 2040 Germantown Ave., Norristown, Pa. 


W*tt Coaih 
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NEW ACCURACY 
NEW TOUGHNESS 

in small metal parts 

' i 

Ovr new data (older, available upon W 
request, brings the details to you. ' 


Utica is now forgine small parts accurate 

to within a very few thousandths. 

The extra toughness of the forging process is being worked into new metals, more rugged than ever. 
The result is accurate, tough metal parts. 


400,000 squore feet o( Uric* plant-dic shops, 
forge shops, finishing opcraiions - are tooled to 

grinders, all types of forges, presses, upselling 
machines, furnaces, heaters, sandblasters, 
broaches, polishers unite in efficient production 
of complicated ports. 

New methods, and new machines as well, 
spring from Urtes's policy of "going heavy" on 
engineering skill. They are natural results of a 
cost-minded, progressive approach to the han- 

Hord.fo-handle metals are a specially of the 
Metallurgical Department. Backed by a 10,000 
sq, ft. laboratory with the latest physical testing 



PRECISION 



FORCINGS 


and meiallographic equipment, metallurgists arc 
the "watchdogs" of all Utic« products. 

Quolity Control on irregular shaped parts is a 
familiar problem. Dimensional readings plus 

in full use"!* 

Jet blade production, an exacting new field 
requiring true pioneering, has absorbed the major 
part of Utic* facilities. But the problems are 

special accuracy and loughnessin partsareneeded. 

We'd like to help you on your post-emergency 
plans. Insofar as our defense duties permit, let 
us consult with you on your projects for the future, 




DKOP FORGE t TOOL CORPORATION 

Ullea 4, New York 
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on the ILS cockpit indicator, and can 
be connected into tlie plane's autopilot 
for an automatic flareout, if desired. 

► Flaieout Adapter— The APN-71 con- 
sists of an FM altimeter, which meas- 
ures airplane height from the ground, 
and a computer which calculates an 
ideal exponential flareout path for the 
airplane. 'The device can be set to cut 
in at a preselected altitude so that 
there is no discontinuity between the 
glide-slope and the flareout signals. 



FLAREOUT adapter used for low ILS ap- 
proaches and as terrain clearance indicator. 


If, during the flareout, a gust causes 
the plane to deviate from the previously 
computed flareout path, the computer 
instantly computes a new flight path 
(based on the new altitude) rather than 
trying to keep the plane on tlie original 
path, 

Flight tests of the APN-71 indicate 
that it can be used for completely auto- 
matic touchdown in slower aircraft. 
However, C. S. Franklin, branch chief, 
views the device as a means of extending 
the low-approach capabilities of ILS. 
By virtue of its radio altimeter, the 
APN-71 can also serve as a terrain 
clearance indicator. 

At present tlie device’s maximum 
effective altitude is 200 ft., but Hazel- 
tine is working to increase this value. 

► Improved ILS— New antenna arrays 
which have been developed for Air 
Force ILS installations not only give 
much inmroved beam linearity, accord- 
ing to Franklin, but they arc much 
easier to site and align, an important 
consideration for military operations- 

The new MRN-7, -8 localizer and 
glide slope transmitters arc much more 
reliable, Franklin adds, and they are 
being installed in duplicate with auto- 
matic switchover in the event one trans- 
mitter fails. 

The Terminal Aids section is also 
responsible for the development of 
ILS airborne receivers. One current 
program at Crosley Div. of Avco Mfg. 
Corp. is the AN/ARN-3I, a subminia- 
turized combination localizer and glide 
slope receiver for use in aircraft which 






11 equipping the F-84F Thunderstreak with the 
CciRSELius Air Compressor Republic Aviation joins the 
CORNELIUS family of famous names in aviation.. . Boeing, 
Canadair, Chance Vought, Douglas, Lockheed, Martin, 
McDonnell, North American, Northrop. 

CORNELIUS is proud of this recognition . . . developed 
from long experience building dependable pneumatic 

equipment for the Air Force. 

Navy and leading aircraft 
manufacturers. Profit from 
our experience . . . write to us 
about your pneumatic equip- 
ment requirements. 
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For the 




In modern military and commercial air- 
craft — where there can be no compromise 
with quality and performance— you will find 
Purolator* filters specified asstandard equip- 
ment in oil, hydraulic, fuel and air systems. 

No matter what your aircraft filtering 
problem, you will find a well-engineered, 
“AN”-approved Purolator available for your 
needs. And remember— only in Purolator 
filters can you find the famous Purolator 
Micronic* element . . . capable of filtration 
down to submicrons (.000039 in.), at higher 
flow rates than ever before obtained for such 
fineness of filtration. 

For example— the Purolator Micronic Fil- 
ter PR-255, for aviation fuel, removes all 
particles down to 10 microns, yet provides a 


300 gallon-per-hour flow rate in a unit only 
5H in. bylOK in.! 

For further information, write for the 
Purolator Aviation Catalog, which contains 
specifications of more than 30 different use- 
tested and approved Purolators designed 
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do not have lor need) omnirange receiv - 
ers tliat cover ILS localizer frequencies. 

► Navaglobc l'‘utuie in Doubt— The 
Medium & 1-ong Distance Navigation 
'CcHon of the GRN branch is develop- 
ing a production prototype of an air- 
borne receiver to operate with the 
Navaglobc long-distance “omnirange” 
system under investigation at RADC. 

Although lab people speak well of 
Navaglobc's capabilities, they think it 
is better suited to civil airline operations 
than to militarv needs. Federal Tele- 
communications Labs, which developed 
Navaglobc. is building the prototype 
receiver. It will be housed in a 1 ATR, 
making it conip.irablc in size to present 
VOR receivers, Hallman says. 

► Loran and ADF— .Airborne Loran re- 
ceivers capable of operating with 
RADC-devcloped systems are assigned 
to this section, which is also responsible 
for airborne automatic direction finders. 

The Short-Distance Navigation sec- 
tion is responsible for VOR receivers, 
course-line (offset track) computers, and 
similar types of navigation equipment. 

► Life Savers— In Korea, a tinv "handv 
talkie” VHF/UIIF radio frim.sinitterA 
receiver, developed bv the Air Rescue 
section of the GRN branch is credited 
with helping to save the lives of 150 
airmen downed behind enemy lines in 
a three-month period. Thirty of the 
men gave complete credit for tlieir 
rescue to the handv talkie. 

The device, called the AN/URC-4. 
weighs only 6 !b. and is tiny enough to 
be carried bv flight personnel in their 
pockets, when downed bolrind enemy 
lines, an airman can call for help, giv- 
ing his location and warning of nearby 
enemy troops- The device can also be 
used to guide recuc helicopters in over 
hazardous tenain. The battery supply 
is good for 24 hours of operation. 

► Crash Locater Beacon- .Another life 
saver derclopmcnt in tlic Air Rc.scue 
section is an aircraft crash locater i 
beacon for use in conjunction with a ' 







Nerve Centers 
of the mighty B-47 


Nerve centers of the USAF’s B-47 Boeing Stratojet are 
these two control stands, the pilot's on the left and the 
co-pilot’s on the right. 

To Associated Company, Inc., of Wichita. Kansas, Boeing 
gave the job of quantify production of these vital assemblies 
for the world’s fastest known medium bomber. 

On-schedule deliveries and cost reductions consistent 
with the compaign for "more air force per dollar" have made 
Associated Company, Inc., an integral part of the Boeing- 
USAF jet bomber program. 

Associated's engineering, tooling and manufacturing ex- 
perience and facilities stand ready to serve YOUR needs, 
whether military or commercial — to design, fool and produce 
to fit YOUR requirements. 
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world-wide rescue network involving 
ground-based detectors and direction- 
finders under development at RADC. 

nio beacon under dei elopiiient here 
will be carried inside of an airplane 
and will be catapulted out in the event 
of a crash. Upon landing on the ground 
(or in water— in which it will float), legs 
automatically extend to erect the be.i- 
con, an antenna mast is automatically 
extended, and the beacon then begins 
to transmit a specially coded SOS which 
identifies the aircraft ami tlic interval 
since the crash. 


mounted antennas fiirtlicr limits air- 
craft radiation compared to ground 
stations. 

► Simplified Tuning— On tlie favorable 
side of the ledger, complex tuning pro- 
cedures previously required in operat- 
ing HF airborne radio equipment have 
been greatly simplified by a recent de- 
velopment sponsored by the Com- 
munications branch. 

It is a new HF transceiver (AN/- 
ARC-21) which is very nearly auto- 
matic, ilallman says- The set was 
developed by Radio Cor)!, of America 
and is now in production. NN'ith tlic 
new ARC-21, the pilot pre-selccts more 
than a dozen operating frequencies be- 


fore leaving on his mission. During the 
fliglit the pilot need only position the 
selector switch to any one of these 
positions, and the HF receiver, trans- 
mitter, and antenna arc automatically 
turned to tliat preselected frequency. 

► Airborne Teletypewriter— The Long 
Distance section also has under develop- 
ment a lightweight airborne tdetype- 
uriter that will enable an aircraft to 
receive or send teletype messages. Tire 
device, which is rapected to weigh 
about 50 lb., will include a tape cutter 
and transcriber so that incoming or 
outgoing messages can be "t.ipcd” for 
delayed transmission or transcribing. 
The new airborne teletypewriter will 


AIRMEN caiTV small VHY/UHF Handy 
Talkie to call for help when downed. 

RADC developed ground-based str- 
tions will instantly take bearings on this 
crash beacon and feed the data to a 
centralized control point where a com- 
putet will calculate the most probable 
location of the crash. 

► For the Busy Pilot— When a pilot 
finds himself in an emergency, he’s 
usually too busy to radio an SOS, give 
his positron, and operate his transmitter 
long enough for a ground-based direc- 
tion finder to take a bearing. AF 
bombers and transports are currently 
being equipped with a small device, 
called an automatic keyer, that does all 
this automatically for the pilot. ^Vherl 
he throws an emergency switch, the 
automatic keyer turns on his HF trans- 
mitter, tunes it to tire emergency fre- 
quency, starts keying an SOS and an- 
other code which identifies the plane, 
and provides a signal which can be 
used by ground direction finders. 

TTie device was an in-house develop- 
ment of the C&N lab. 

► Communications Branch- One of the 
major problems facing the C&N lab 
is to increase the reliability of long dis- 
tance air-to-giound and air-to-air HF 
communications. 

Reliable transmission from aircraft 
is much more difficult than from 
ground-based equipment. For one 
thing, ground stations can use large 
directional antenna arrays, an impos- 
sibility in airenft. The use of flush- 
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HOT SOLENOID 

reliable at + 500°F 
ambient temperature! 


IP*!lP engineering company 


Lorgost niDiuiiarturer on the Eeriflc Coost producing nirrmfi quality solenoids exclusively. 




A COMPLETE TWO-WAY 
RADIO GROUND STATION 


especially destined to fill Hie VHF 
radio needs of atriines and private 
airports. 

OUTSTANDING because it*s . . . 
RELIABLE— ^j^/i^'s conservative 
design and quality construction re- 
duce maintenance. 

SIMPLE — No highly skilled person- 
nel required for installation and 
operation. 

VERSATILE— 7^r can be used 
in more situations. Designed for 
local and remote operation, with 
additional receivers or ether ac- 
cessory equipment. 

PERFORMANCE— Better perform- 
ance is not eveilabie from any 
equipment. 10 watt transmitter is 
ample for most locetlens. Receiver 
sensitivity (1 microvolt at 10 db 
S/N rotio), sharp selectivity bring 
in cleariy the weakest, noisiest 
signals. 





MOBILE AIRPORT 
TWO-WAY RADIO 

Jig/-C3f is for the airport ^era- 
tor who must RELY on his VHF 
radio, who cannot chance signal 
failure. 

's greater output and 
higher sensitivity means RELIABIL- 
ITY of contact; Ti/-C3/''% conser- 
vative design and careful con- 
struction mean RELIABILITY of 
service. 

Tif-Ci/" will get the signal 
through, day or night, month after 
month, regardless of airport size 
or "dead" spots. 

There are sound technical reasons 
why Kf-Cir is best, why it is 
more RELIABLE. 


Write today for descriptive litera- 
ture. 
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be designed to operate from the 
ARC-21 which has provision for fre- 
quency sliift keying (FSK) circuits. 

Teletypewriter communication has 
sereral advantages over voice com- 
munications in certain applications. 
For one thing, an incoming message 
can be received without diverting the 
fiiglit crew from other duties. Also, 
there is less chance of misunderstanding 
long complex messages if tliey arc 
printed rather than spoken. A further 
advantage is tliat the system 'operates 
on a narrower bandwidth than normal 
voice communications. 

► Empliasis on UHF-Tlic Short- 
Distance section of the Communica- 
tions branch is primarly concerned with 
UllF. which is replacing A'HF througlv 
oiit the military services. 

\ spokesman savs that a new minia- 
turized UHF transceiver lias been de- 
veloped bv RCA and is going into 
producfioii. Tin's new ANVARC-54, 
which will replace the present ARC-27, 
is about half the size and weight of its 
predecessor. 

► New Hi-Fi Intertom-Tlie first com- 
pletely integrated airborne intercom- 
munications system (including public 
address system where needed) was spon- 
sored by the Accessories section of the 
Communications branch. It is the 
AlC-lO. developed bv RC.A and cur- 
renth’ in production. 

The new system provides improied 
fidelity and undcrstaiidabiliti despite 
high cabin background noise.' Hallman 
says. In addition, the system is smaller 
and lighter, and the mike and earphones 
have been spccificallv designed to fit 
under the plastic crasli helmets worn 
by jet pilots. 

Tile AIC-10 eliminates carbon micro- 
nlioiics-sometimes called the world's 
most expensive 'loose connection.' 

In addition to its rcsponsibiiitv for 


364 


AVIATION W!EX, 


17, 1953 



RC\'S AN/.AIC-IO is first interphone sys- 
tem designed to fit in crash helmet. 



CONTROI, P.ANEL permits pfiot to select 
any desired radio or intercom circuit. 

intercoms, mikes, lieadsots, and loud- 
speakers. the .Accessories section also 
dcselops airborne wire and tape re- 

► Data Link-.Airborne receivers for 
radio data link systems (used to trans- 
mit instructions to individual aircraft 
and to permit ground control of in- 
dividual aircraft flight path) arc under 
deiclopment by the Specialties section 
of the Communications branch. 

riic work includes tlie development 
of .niifablc cockpit instrument.^ to dis- 
play ground instructions sent over tlie 
data link. 

This group helped to develop tlie air- 
borne adapter, which permits automatic 
GCA guidance signals to bo transmitted 
to the aircraft cockpit using the plane's 
regular conimiinicatioiis rcceii’er with- 
out disrupting norma] voice coni- 
iminic.itions. 

This section also follows various types 
of frequency-control components such 
as crystals and magnetostriction devices. 
►Tecliniques Branch— Research and de- 
'clopmcnt of special techniques which 
can be applied to several or all fields 
of aetivih in the C&N lab are the 
responsibility of the Techniques branch. 

For e.xampic, tlie Antenna section 
acts as a consulting group and reservoir 
of antenna design knowledge for all 
C&N pro[ccts, and has consulting con- 
tracts with the country’s top antenna 
experts. 


Right after the war this section had 
the task of developing techniques to 
dcsi^ flush-mounted antennas in order 
to ^iminate protuberances from high- 
speed aircraft. 

-Another part of the job was to con- 
since aircraft manufacturers that an- 
tennas could be built into the fuselage, 
cmpciiniigc, and wings. 

► Flush Antennas— To convince the in- 
dustry, and arouse interest, the Antenna 
section designed and installed flush- 
mounted antennas in a C-54 for a 
sariety of different types of avionic 
equipment, including UHF, VHF, HF. 
-ADh', ILS, marker beacons, loran, radio 
.iltiinctcr, and radar. The plane is be- 
lics'cel to !ia\e been the first to com- 
pletely eliminate external antennas. 

Originally much of the flush-antenna 
design work was done here in the C&N 
lab, but now the aircraft manufacturers 
tia\c assembled staffs to take over this 
responsibility. The Antenna section 
gets back into the act svhen a funda- 
mentally different type of flush antenna 
is needed by the aircraft industry, 

►Scale Models— Tlie advent of flush- 
mounted antennas, whose .shape and 
location ,iffect the structural design of 
the aircraft has meant that antennas 
may no longer be "hung” on tlie air- 
frame after it has been designed. 

T'oday, antenna performance must be 
ci aliiatcd by means of tiny scale models 
before the airframe design is frozen, an 
Antenna section spokesman points out. 

► Cliasing Shadows-UHF flush anten- 
nas have given some trouble because 
liigh-frequency energy is reflected from 
or shadowed by the fuselage and wings 
resulting in blind spots (points of weak 
.signals) in certain directions. 

The most promising solution to this 
problem, an .Antenna section spokes- 
man says, is the use of several antennas 
(diversity antennas) located in different 
portions of the ai^lane. The trans- 
mitter, or receiver) is then continuously 
.switched from one antenna to another. 
Current efforts arc being devoted to 
finding the best place to locate the sev- 
eral antennas and how to switch from 
one to the ofher. 

► Other Sections— Other sections in tlie 
'Fcchniques branch, and their general 
areas or responsibility include; 

• Interference reduction: Develop tech- 
niques and circuitry to minimize the 
effect of precipitation static, lightning 
and similar natural interference, as well 
as protecting against interference gener- 
ated by man-made equipments. 

• Anti-jamming & security techniques; 
Research in new techniques to make 
C&N lab-descloped equipment re- 
sistant to enemy lamming. 

• IFF & military traffic control: Avi- 
onic identification systems, including 
air-to-air IFF, airborne equipment to 
identify aircraft to ground-based traffic 
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control radars, and air-to-ground beacon 
navigation systems for use by troop 
carriers. 

Two important supporting service 
groups within the C&N lab are the Test 
branch and the Installations branch, 

► Test Branch— The Test branch is 
divided into three sections with the fol- 
lowing responsibilities: 

• Engineering facilities; Handles ground 
radio and similar ground facilities 
needed in flight testing. 

• Equipment evaluation; Handles test 
data reduction and analysis. 

• Flight operations; Handles flight test 
arrangements with WADC Flight Test 
division and schedules operations. 

► Installations Branch— The Installations 
brancli provides aircraft manufacturers 
with installation data and instructions 
for C&N-developed equipment used in 
their aircraft. This branch is the lab’s 
principal liaison with mockup boards 
and joint project oEcers. 

One of three sections in the branch. 
Liaison & Design, is staffed by en- 
gineers wiio arc essentially equipment 
specialists. 

The other two sections, Bomber & 
Missiles, and Fighter & Transport, have 
men who are specialists in their par- 
ticular type of airframe, knowing its 
installation problems and limitations. 

► Special Lab Facilities— Recognizing 
tlie expense and diEculties of flight 
testing, the C&N lab tries to do as 
much as possible of its testing on the 
ground. This requires many specialized 
test facilities, such as: 

• Noise room, for testing understand- 
ability of aircraft mikes, headsets, and 
interphone systems; electronically simu- 
lates engine, propeller, and aero- 
dynamic noises. 

• Personal altitude chamber, which can 
also produce simulated cockpit noise, 
is used to test undcistandability of com- 
munications equipment under altitude 
conditions. 

• Anechoic chamber, constructed so as 
to eliminate reflection of sound waves 
from chamber walls, is used in acousti- 
cal measurements. 

• Million-volt generator is used for 
corona discharge tests to evaluate in- 
terference rejection of communications 
equipment. At lower voltages, the 
generator is used to determine the radio 
noise and discharge current characteris- 
tics of static dischargers or corona onset 
s olt.iges for corona-resistant antenna as- 
semblies, 

• Flight simulator, which can be used 
to evaluate new types of navigational 
cockpit displays. 

• Ultrasonic trainer, which simulates 
motion of an aircraft over land, is used 
in evaluating human engineering as- 
pects of navigational radar design. 
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’ OORNE and MARGOLIN offers the 
aviotion ond electronics industry 
a superior antenna service com- 
plete from problem analysis to 
final design and quantity 
production. From v-h-f through 
microwaves D&M ontennos 
provide unexcelled quality and 
performance. Inquiries on your 
specific problems will receive 
prompt attention. 



DORNE and 
MARGOLIN 


30 SnVESTER STREET 
WESTBURY, LONG ISLAND, N. Y. 



ECL’s Field: Avionic Components 


Dayton— Tlic Electronic Components 
lab is testing a new line of ceramic 
\'acuum tubes capable of operating at 
ambient temperatures of 250C despite 
tire fact that most avionic equipments 
loaay need only operate at 100-125C. 
This is ECL’s job-to anticipate the 
component needs of tire avionic equip- 
ment designer and to sponsor or stimu- 
late research programs that will malte 
these components available when 
needed, according to Col. R. S. Carter, 
chief of ECL. 

► The Catalyst— Airplane and missile 
speeds and operating altitudes are con- 
tinually increasing, forcing equipment 
designers to seek higher temperature, 
more ragged components. But the 
components won't be available unless 
the component manufacturer has 
started liis research 2-3 vears previouslv. 
The Electronic Components lab serves 
as a catalyst to get component manu- 
facturers started before the need would 
otlierrs'ise be apparent. 


This is particularly true of avionic 
components whose requirements are 
so stiff that they find little application 
in commercial or industrial electronic 
fields, 

ECL works closely with other Air 
Research and Development Command 
labs to find out what their needs will 
be during the coming years. What sort 
of radar peak powers and new oper- 
ating frequencies are envisioned, for 
example. ECL then sponsors develop- 
ment or research in the component 
industry or in universities to meet these 

Sometimes the goal is improved per- 
formance or higher operating tempera- 
ture. Sometimes the object is smaller 
size or lower weight. Or the program 
can be pointed toward new manufac- 
turing techniques to permit automatic 
production of components now fabri- 
cated largely by hand operations, as is 
the case with vacuum tubes. 

► The End Product— The result or end 
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For main leg 
cylinders that enable 
a Sabrejet to absorb 


“Leg muscles” 
that cushion a 


When the landing gear nf an F-86 Sabrejet hits the runway 
at lightning speed, the shoek is absorlicd hy hyilraulic 

“leg.” To machine thLe 37-lb. cylinders to exact tolerances 
frnin solid 1.38-lb. steel foigings ... to give llicm mirror- 
smooth inside finishes . . . Cleveland Pneumatic 
depends on Lycoming. 

If your melal-w orking needs-like Cleveland Ptieuiiialic's- 
can be solved by precision production, or if your problem 
is volume fabrication, or “just an idea” in the rough nr 
blueprint stage— took (o L)vaming. Ixtiig famous for metal- 
working skills, Lycoming meets the toughest specilicalicm, 
of exacting customers, both industrial and military. 
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[stoduct of liCL rcscarcli and develop- 
ment programs is tcclinieal know-how, 
iiceording to H. V, Noble, liCL’s tech- 
nical director. 

lliis knowledge is converted into a 
coniponcnt specification and made 
available to the various component 
manufacturers. 

In many cases, manufacturers carry 
the ball from here, tooling up and 
getting into production on Uieir own, 
Noble says. If the potential market for 
the device is extremely limited, the Ait 
Materiel Command, through its indus- 
trial mobilization group, awards a con- 
tract to one or more mamifiicturers to 
cover initial tooling and pilot produc- 
tion. 

^ Lab O^anization— I'o h.mdle its as- 
signed mission, ECI. has approximately 
200 people on its staff, of whom about 
60% are engineers or scientists, Noble 
says. Annual R&D expenditure tun.s 
about $3-5 million. 

The lab itself is divided into four 
Branches: 

• Components lX-vclo|iinciit, under 
I'. E. Wenger. 

• Components Test, under D. L. Lane. 

• Electron Tube, under A. II. Dieke. 

• General Purpose Test Equipment, un- 
der N. D. Flinn. 


Components 

Development 

Development of all avionic com- 
ponents, from tadomes to tube sockets, 
to pilot lights to shock mounts (but 
not vacuum tubes and transistors) is 
assigned to the Components Develop- 
ment branch. Its activities include re- 
search into automation techniques for 
completely automatic fabrication of avi- 
onic assemblies and new ways to dis- 
seminate information on available com- 
ponents- 

'Jhe Branch is divided into five sec- 

• Dicleettics, under Ered Behrens. 

• Resistance, Inductance, & Capaci- 
tance, under C. E. Doyle. 

• Mechanical, under C. A- Golueke. 

• Electromechanical, under 1. S. Mayer. 

• General Engineering, under Yale 

► Dielectrics Section— Radomes (radar 
antenna covers) of the future will prob- 
ably be made out of ceramic or other 
inorganic material capable of withstand- 
ing file extremely high temperatures en- 
countered in ultra-high speed flight, 
according to Fred Behrens, chief of the 
Dielectrics section. 

Increasing airplane speeds have cre- 
ated a progression of radome design 


problems for this section in the past 
and will continue to in the future. 

^Vhcn jet interceptors first started 
using radar, airplane designers com- 
plained tliat a hcmisphciic-shaped rad- 
cme ruined the aerodynamics of the air- 
plane, but streamlining the radome 
spoiled its "optical" characteristics. 
(Ideally a radome should in no way af- 
fect tlie radar energy passing through 
it.) 

Streamlined radomes caused refrac- 
tion of the radar beam creating distor- 
tion not unlike that experienced in the 
curved portions of automobile wind- 
shields. Also, some radar energy was 
reflected internally, bouncing around 
inside the radome to cancel outgoing 
radar enetg;’ and creating spurious tar- 
gets on the radar scope. 

ECL-sponsored programs have de- 
veloped new techniques for designing 
and fabricating radomes which have 
partially solved these problems, Behrens 
says. The use of several different dielec- 
tric materials in radome construction, 
and the close control of radome thick- 
ness has grcvitlv reduced internal reflec- 

Whereas transmission efficiencies 
used to vary as much as 20% from one 
portion of a radome to another, this 
figure has been cut to only a tew per- 
cent, according to Behrens. Refraction 




World’s Largest Stretch -Wrop Forming Machine 

Goes to work for North American Aviotion Inc./ Columbus, Ohio 


The Model 60 is Hufford’s largest stretch-wrap 
forming machine to date, exceeding the capacity of 
all existing stretch-wrap forming machines in the 
world today. 

With its 703,720 pounds of "pull" it is now form- 
ing stabilizer fairings, panels and fuselage skin parts 
for the new FJ-2 FURY, New dies will utilize its 
huge capacity on sheets measuring 6 feet wide by 


SlJi feet long. Its tremendous strength enables form- 
ation of sheet thicknesses as great as Is inchl 
The Model 60 opens another chapter in stretch- 
wrap forming history, almost doubling the capacity 
of the largest Hufford press heretofore built. It is 
Hufford’s answer to unusual requirements of the 
present in preparation for the commonplace of the 



371 



Every B-36 lands on 
U‘S'S Carilloy Steel 



• When 179 tona of B-36 thump down on a landing 
strip, tremendous stresses are built up in the structural 
parts of the landing gear. Only the highest quality in 
steel can handle this tough job, which is one of the 
most exacting in the aircraft industry. 

All of the rugged main columns for these landing 
gears are made from U'S'S Carilloy electric-furnace 
aircraft quality ingots. This high quality alloy steel 
provides the great strength and shock resistance de- 
manded in the performance of the finished part. The 
main columns for these landing gears are forged. The 
original ingot, as shipped to the forger, weighs approxi- 
mately 37,600 lbs. From it are produced two columns 
each weighing about 1200 lbs. In other words, approxi- 
mately 93% of the steel has been removed — with a 


mere 7 % of the original ingot left to do this tremendous 
job. Obviously, this steel must be of the very best 
quality. 

The same care and skill go into every ton of U'S S 
Carilloy steel that you buy, whether it’s a giant alloy 
ingot or a few tons of special steel. Our experienced 
metallurgists keep a close check on every heat of steel 
to make sure it has the strength, hardness, toughness 
and maohinability that’s needed. 

If you have a special steel problem, let us know. 
We'll be glad to help you with it. 
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Hermetic Seal 
Connector 

Withi^tauclH riiggod operating 
and assembly conditions 

M-7500 Series BUic-Glass Seal Con- 
nector gives complete protection to cir- 
cuits of hcrmelicaliy seaied electronic 
or electrical devices under roughest 
handling, assembly, and operating con- 
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(borcsiglit) errors have been reduced, 
but there is still room for further 
iiiipioveiiient. Behrens notes. 

► Protection From Rain-In the past, 
raindrops beating against a radomc on 
a speedy aitplane frequently caused the 
tadoine to disintegrate. The Dielectrics 
section has developed a protective coat- 
ing for radomes which enables them to 
stand up under moderate rainfall for 
several hundred hours in high speed jet 

Although aircraft manufactures now 
design their own radomes, the Dielec- 
trics section docs the pioneering wort 
on fundamentally new designs. For 
example, it has scs’cral development con- 
tracts under way to devise new inor- 
ganic radomc materials for ultra-high- 
speed flight. This section also prepares 
performance spects which aircraft mami- 
facturers can follow in designing their 
radomes. 

► New Sub-Min Connectors— Tlie Diel- 
ectrics section expects to establish a 
new standard sub-miniature connector, 
for use in low-voltage, low-current cir- 
cuits, during the coming year, Behrens 
says. This is based on a studv of 
WADC electronic equipment which 
showed that 90% of their connector 
pins carry "only a few miliiamps of 
current at a couple hundred volts." 
This makes it possible to use smaller 
pins, more closely spaced, to cut size 
and weight, Behrens reports. 

As presently envi.sioned, the new line 
of sub-min connectors will be used for 
the maioritv of the incoming circuits: 
the high-voltage and high-current cir- 
cuits win feed through the larger, con- 
ventional connectors- 

Tlie Dielectrics section is sponsoring 
the development of several sub-min 
connectors and expects to evaluate these 
and others, developed with private 
funds, within the year to establish the 
new AF standard. 

► Waveguides Too-Ncsv techniques 
for fabricating was-eguicles to use less 
critical matcri.ils anti reduce weight 
have also come out of the Dielectrics 
section. One tedinitiue uses a stecl- 
claddcd material which is formed in a 
rolling process, and tlius adapted to 
mass production techniques. The result 
is a ua'cguidc which weighs onlv one- 
fifth as much as a brass waveguide and 
is considerably less expensive to pro- 
duce. 

Wicn the Aircraft Radiation lab is 
contemnlating a new operating fre- 
quenev for radar, it turns to the Dielec- 
trics section here to develop suitable 
waseguide and transmission line com- 
nnnents for the new freqiiencs’. 

► Ohms, Henries, & Farads- Vari.iblc 
inductors using fenite cores appear 
likely to replace \ ariablc condensers for 


tuning purposes iu future transisorized 
equi])mcnts, according to C. E. Doyle, 
chief of the Resistance, Inductance &• 
Capacitance section, unless someone 
clevises a new way to sub-miniaturize 
tuning condensers- Development of 
tiny components for use in transistor 
circuits is a major program in this 
section. Unless sub-miniature compo- 
nents arc available, "transistorizing" 
won’t reduce equipment size greatly. 

Because transistors operate at lower 
voltages than vacuum tubes, fixed capac- 
itors are being redesigned for use at 
lower voltages (1-50 v.). The lower 
voltage would otdinarih’ permit the use 
of thinner dielectric materials, except 
that they are already so thin that phys- 
ical strength rather than dielectric 
sfrengtli is the limiting factor. To get 
notable reductions in the size of fixed 
and sariablc capacitors, "we need some 
radically new techniques,’’ Dovlc re- 
lic reports that one manufacturer 
now is at work on a "markedly dif- 
ferent technique” of making capacitors. 
The program is privately financed, 
and reportedh' shows a promise of cut- 
ting jraper ca^itors to one-tenth their 
present size, and elcctrolvtics to perhaps 
half their present size. F.nd products 
of this program arc several years away, 
Dovlc believes. 

► Film Resistors & Pots— Film-tvpc pre- 
cision potentiometers with the same 
acairacy as present-day wire-wound pots 
should be available in ses’cral years and 
at a considcrabh’ lower price, it is esti- 
mated. The film technique is par- 
ticularly well suited to making non- 
linear potentiometers, and it avoids the 
use of critical materials. 

Another promising resistance film, 
which shows practically zero tempera- 
hirc coefficient characteristics, is under 
investigation at the Battcllc Memorial 
Institute. This film can be used in 
making both fixed resistors and pots. 

A few of the other ins’cstigations 
that are being sponsored bv this section 
include: 

• Transformers and coils, for use in 
transistor circuits (Radio Corp. of 
America.) 

• Non-metallic magnetics, including 
such materials as ferrites, are under 
study at General Electric to find possi- 
ble new applications and uses. 

• Magnetic amplifiers and new' mag- 
netic materials to impros'C the response 
of mag-amplifiers. 

► Mechanical Section— A modular type 
case for housing avionic equipment, 
and a rack in which these cases are 
compactly stacked to fit the curvature 
of an airplane fuselage, have recently 
been developed by the Mechanical sec- 
tion. headed by <5. A. Golueke. Several 
new AF equipments arc going to use 
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Newl For Experimental 
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COMPLETE PACfUTfES and over a quarter century of metal 
forming to close tolerances assure precision components for the 
most critical applications. Kaupp experience includes forming and 
drawing of intricate shapes in stainless, inconel, aluminum, cold 
rolled steel, brass and other alloys. Gauges from 1/32 sheets to 
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From the beginning, South Wind has 
been the pioneer and leader in the de* 
velopment of aircraft heating equipment 
combining unfailingly dependable perform- 
ance with simplified design and installation, utmost”" 
safety, minimum maintenance requirements. 

The research, engineering, testing and production 
facilities thus developed are unique in the industry. 
They are at your disposal to help solve your most 
challenging heating problems for military, commer- 
cial or civilian aircraft, 

Write today for information. South Wind Division, 
Stewart-Warner Corporation, Indianapolis 7, Indi- 
ana. In Canada, Stewart-Warner of Canada, Ltd., 
Belleville, Ontario. 


Milestones in the 
March of Progress 

HHH enor« first Piaductitn Combustion Type 
Wi ll lyob VehIcleHeater 

Villi' 

e n j 4 fittl PtBduetlon Combustion Type Aircraft Healer 
1 H41 So“»' Wind Model 789. 8.500 BTU/br.; Model 790. 
80,000 BTU/tir.; Model 791, 40,000 BTU/hf. 

1943 South Wind Model 900, 200,000 BTU/hr. 

1943 South Wind Model 911, 160,000 STU/hr. 

1944 South Wind Model 906, 50,000 BTU/hr. 

1944 South Wind Model 912, 175,000 STU/hr. 

1944 South Wind Model 917, 25,000 BTU/hr. 

1945 South Wind Model 920, 100,000 BTU/hr. 

1945 South Wind Model 921, 200,000 BTU/hr. 

1945 South Wind Model 979, 18,000 BTU/hr. 

1945 South Wind Model 68077. 800,000 BTU/hr. 

1945 South Wind Model 919, 290,000 BTU/hr. 

1946 South Wind Model 918, 400,000 BTU/hr. 

1948 South Wind Model 930, 100,000 BTU/hr. 

1949 South Wind Model 910, 235,000 BTU/hr. 

1949 South Wind Model 929A, 700,000 BTU/hr. 

encA -South Wind Models 995, 996, 999, 
nert Gas Generators 

1QR1 South Wind Model 960. 
1931 25,000 STU/hr. 

IQRO South Wind Model 997, 
I9J4 Inert Gas Generators 

1952-1953 South Wind 

Model 9290, 600,000 BTU/hr. 
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AIRCRAM HIATINO AND THERMAL 
AKTI-ICiNfi EQUIDMEMT 
INERT GAS GENERATORS 
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the new case and tack configuration and, 
if it proves successful there, it could 
become mandatory for all AF avionic 
cqiimmcnts- 

'llic new systun gives the equipment 
niannfacturcr a wider selection of case 
siies. He lias a choice of tlirec con- 
trolled widths (5, HI or 17J in.), un- 
controlled case length to 9 in. and fixed 
beyond that at 12, 16, and 20 in., and 
a choice of heights varying in l-iii- in- 
crements. Pressuriiwd cylindrical cases 
are accommodated by mounting them 
on a rectangular front panel and sup- 
porting cradle. 

Shock and vibration mounts for in- 
dividual cases are cHiiiinatcd in favor 
of isolation mounts for the entire equip- 
ment rack. This permits cases to be 
mounted flush to one another, eliminat- 
ing “sway space” nonnallv' allocated 
when eacli lias its o»’n isolation mounts. 
Equipment cases of varying lengths can 
be positioned in the rack in a "stair- 
step” arrangement to conform to the 
contour of the airplane fuselage. 

Specifications for the new standard 
cases, M1L-C-74S2 (USAK). were issued 
this spring; the rack spec. M1L-R-74S3 
(USAF) was released only during tlic 
past montli. 

► Shock and Vibration— Tlie Mechani- 
cal section concerns itself with other 
mechanical aspects of avionic equip- 
ment design. 

For example, the mounting bases of 
avionic equipment chassis are usually 
beefed up to he sure they won’t tear 
loose in a crash and become a flying 
liazard to the crew. Thi.v section is de- 
veloping shock links which will be used 
to anchor equipment to the rack, yet 
designed to yield sufficiently to dissi- 
pate crash momentum, 'lliis will per- 
mit the use of lighter chassis for all 
equipment, Golucke says. Working 
models of the new shock link are ex- 
pected in nine months. 

'Ibis section also has studies under- 
way to me.Tsure the gaicral level of vi- 
bration and shock that exists in differ- 
ent portions of present day aircraft and 
missile.s. 

Concurrently anotlicr program is de- 
termining the general level of shock and 
vibration which different tvpes of com- 
ponents (tubes, relays, transformers, 
etc.) can withstand without failure. The 
end product is expected to be a design- 
ers fiandbook aimed at guiding engi- 
neers in the mechanical design and 
layout of avionic equipment- 

► Electromechanical Section— A new 
tube socket whicli will permit all the 
internal wiring of an avionic assembly 
to be hermetically scaled, while its tubes 
protrude into the outside area where 
they can better dissipate their heat, is a 
recent product of the Klectromechani- 


GREAT AIRLINES 


From Little Airlines Grow 

and become GREAT 

assets to the commercial and military 

might of our Nation! 

NORTH A.MICRICAN AIRLINES loo ks n isplciuliil 
example of free enterprise in aetion. hcpiiininp 
only u few veur.s ugo. al the end of World War II. 
when Jim I'iseUariind and Stan Weiss started 
Stundurd Airlines with two DC.3's and Red Hart 
and .lack Lowin started Vikiti); Airlines with three 
additional IHi-3's, Rucked only by private capital 
and stern delennination to render a vital new 
service to the Nation and its cilisens. these car- 
riers pioneered low fare air coach service. 

In thuse days. CAR flight frequency requirements 
were eoiisiderahly less stringent llian today, and the 
companies prospered wilhuul mail pay or subsidy. For 
llie most )>art their passengers were tliose who liad 
previously been unable tu afford the higher cost, luxury 
servire then in existence and generally believed lu he 
the only economically feasible air transport service. In 
1949 these companies joined forces to provide improved 
l^asaenger service and formed North .American .-kircoach 

During the summer of 1951. the fiunale Small 
Business Committee recommended that the C.AB 
encourage consolidations among the independent 
carriers, and soon thereafter North American 
Aireouch System. Inc., asked C.kU to approve 
a merger of North .\merican .Airlines, Trans 
National Airlines. Trans American .Airways, Re- 
public .Air Coach System, Culiforniti Aircraft 
Company and Twentieth Century Aircraft Com- 
pany. Ihesiirviving company to be North American 
Airlines. Inc. 

.Aircrafl owned by these eompanic.s comprises 
Douglas DC-4's equipped with rearward facing "safety 
seats’’ and soon will include factory-new DC-6D's. the 
first to he produced in an all coach configuration. 
Ticket offices are located in 23 major cities. 

Today, only seven years after the first air 
coach flight, revenue passenger miles approach 
Western .Airlines’, exceed Continental or Chicago 
and f^outhern. exceed the combined total of 
Colonial and Northeast, and the group ranks 
fifth among all domestic carriers in total air 
coach tralTic. 

Thus, this vear. the golden anniversary of powered 
flight, NORTH' AMERICAN AIRLINES, i.ioneering 
air coach in today's lenipo. is proud to be following the 
trail of the pioneers who have eontrihiitcd so inueli in 
tile developineiit and growlji of the Nation’s air trans- 
port industry under llie .American free enterprise system. 

North American Airlines 

First in Air Coach 



AVIATION 


ust 17, 1953 


377 





*METAL Caps and Plugs Assure Maximum Protection 

because they won't chip... no particles to clog lines. 

METAL Caps and Plugs Assure Maximum Protection i 
because they resist hard knocks, seol out dust and 
moisture, or seal in fluid when required. 

METAL Caps and Plugs Assure Minimum Cost because they 
can be reused many times . . . they "spin" on by hand, 
ond keep Hydroulic Systems clean .. .clean, clean. 

For Protection During Manufacture, Shipment and Storage of Hydraulii 
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csli section. Tiiesc hermetically sealed 
sockets arc cxpc'ctcd to be a\-ailal)lc in 

octal bases within three to six months, 
according to 1. S. Mayer, section chief. 

This section is responsible for a va- 
riety of components, from tube bases 
to circuit breakers, fn>m nictallic-plale 
rectifiers to rotating shaft seals, from 
sm.ill p.incl meters to pilot lights. 

► Uigh-Temp Rectifier— Rectifiers made 
fioni titanium dioxide appear to he 
capable of operation at tcnipcrutiires as 
high as 200c, considerably beyond the 
limit on present selenium rectifiers. 
Maver reports. T'lic new tit.iiiiiim di- 
oxide rectifiers also appear to have high 
back impedance, low forward imped- 
ance, and to maintain their character- 
istics with temperature and age. This 
makes them extrcmelv attractive for use 
with magnetic amplifiers. Mas'cr notes- 

'Hie trend toward building test cir- 
cuits and dcsiecs into avionic sub- 
assemblies to permit operators or main- 
tenance men cinickly to spot a bad unit, 
should get a boost from a tins’ micro- 
iiminctcr dcs’cloped for this section. 
Only one inch in diameter, the meter 
has a 270-degrcc scale which gives ex- 
ecllcnt road.ibilits’ despite its small size. 
The device was built by International 
Instruments. Inc., of Nc"’ Haven, Conn. 

► General Engineering Section— Tlie 
sastly increased use of asionics in air- 
craft and missiles has nroniptcd manv 
to wonder whether this coimfrs’ could 
I>toducc cnoueh asionic.s to sustain a 
full-scale shooting war. The Drohlcm is 
|)articularlv acute because of the large 
amount of hand labor involved in pres- 
ent fabrication methods. 

This explains why the General Engi- 
neering section has launched a program 
at Stanford Research Institute to de- 
velop techniques and machines for pro- 
ducing avionics dcsices automatically 
and with |3ractically no hand opeta- 

Tlie Army Signal Corps and Navy 
have somewhat similar programs under 
way. according to Yale Jacobs, section 
chief, hut he sare that the project is so 
important that "many heads arc needed 
to investigate all possible approaches." 

► Two Tasks— One of the General En- 
gineering scch'on's major tasks is to 
foster and develop new avionic fabrica- 
tion techniques, including miniaturiza- 
tion, cooling and automatic production. 
The other task is to devise ways for 
quickly supplying equipment manufac- 
turers with information on the avail- 
ability of components they need. 

In fostering new fabrication tech- 
niques, the section operates in several 
ways. On the problem of designing 
adequate cooling provisions into avionic 
equipment, the section has established 
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Ohio State University as a rcscatcli 
center in titis field, kaeli year, ICCL 
and Ohio State sponsor a 2-dnv eonfer- 
tiice on avionic cooling problems nliicli 
is well attended by engineers from air- 
craft and equipment nianiifactiirers. 

Another approach was used when a 
contract was given to Lear, Inc., to 
miniaturize the old W'orld War li 
BC-34.SR radio receiver (200 kc to 
18 mc.l. Lear made no attempt to ini- 
|jro\e the set perfonnance, tried only 
to cut size and weight. The result was 
a set weighing only one-third as much 
and only one-fifth a.s big. 

Reports on projects like these, «ifli 
emphasis on the techniques emploscd. 
arc then circulated to industn' and 
\\'ADC project engineers for applica- 
tion to new equipments, Jacobs sivs. 

► Component Infomialion Center— ;\ 
(cntralizcd .source of infonnation c.mi- 
ble of providing the names of niamifac- 
turers who can supply any desired com- 
ponent is envisioned as the result of a 
studv bv the Battellc Memorial Insti- 
tute; 

If an engineer wants to find out who 
mamifactiires the .smallest tsvo-phasc, 
400-csclc. I/lOO-hp. induction motor, 
the request would be submitted to the 
Elatronic Components Information 
Center (ECIC) where machines would 
sort through thousands of punch-cards 
to get the answer. 

Another similar program at Battellc 
is the preparation of an Klcctrnnie 
Components nc\clo|)mcnt Register, 
which lists new cx|)erimtiifiil com- 
|)cmcnts under gmcmnicnt-'-uonsorcd 
deselopmcnf and the date when they 
arc likely to he arailablc. If funds per- 
mit, Jacobs says that ECl. plans to 
publish this register cscry six montli.s. 

.•\nother project is to publish |)laii- 
ihng charts for coni|)oncnt manufac- 
turers to show areas where new com- 
|)Oiicnt dc'clopineiits arc needed. 

Components Test 

New devices produted in the Com- 
ponents Development branch imdc^o i 
test and cv-aluation in the Components 
Test brunch, I 

Test facilities include the normal 
emnplemciit of environmental test 
chambers (altitude, temperature, humid- 
ity). |)lus micro«a\c test dcsiecs for 
measuring the transmission characteris- 
tics of radomes and radomc materials. i 

Other facilities permit the measure- 
ment of dielectric constant and loss ! 
tangent of dielectric materials up to 
8,600 me., over a temperature range of 
-65C to 800C, 

Tlic branch is dhided into six sec- 
tions, four of which arc directly assigned 
to test the products of their eounter- 


AVIATION WEEK, August 17, 1953 




3!1 





FINE 
ORGANICS 
OFFERS 

qualified faciiities 
for research 
and development work 

on corrosion inhibitors, 
propellants and explosives. 
At the present time 
we are serving the 

BUREAU OF AERONAUTICS 
and the 
V BUREAU OF ORDNANCE. 



FINE ORGANICS 
RESEARCH FACILITIES 
and AVIATION CHEMICALS 


\ reOPUCEtS A 


) OEVEIOPEKS 0 


\* ClEANERS 

AlUMINUM MIGHIINSRS 
ANO POLISHtKS 

• CARBON RtMOVenS 

• SNGINC CUANING COMAOUNOS 

• DE-tCING COMPOUNPS 

• OfODORANTS AND DISINteCTANJS 

• PAtNT STRIPPERS 

• INSTRUMENT PARTS CtEANERS 
TINE ORGANICS qvollfr under U. S. 



FINEORGANICSinc. 

2MJ East 19th St. • New York 3 


■ AVIONICS 

parts in tite Coniponciifs Development 
branch: 

• Dielectric Test, under M. \V. Miller. 

• Resistance. Inductance & Capacitance 
Test, under J. F. Rippin. 

• Mechanical Test, under C. W, Mc- 
Dowell. 

• KIcctioinechanical Test, under W. E. 
Deis, 

• Atmospheric, under J. C. Wightman, 
carries out environmental tests for the 
other sections. 

• Calibration & Standards, under R. W. 
Stolzcnbach, is the “little National Bu- 
reau of Standards’’ for the Ait Force. 
It provides calibration facilities for in- 
struments used in all other WADC labs, 
and coordinates such work for all other 
•ARDC centers. 

Electron Tubes 

In the fall of 1950, the Strategic Air 
Command reported that roughly half of 
its aborted missions were caused bv 
failures of electron tubes. This illus- 
trates the importance of developing 
tubes specifically designed to withstand 
the rigors of the airborne environment 
—the assignment of the Election Tube 

Tile branch is divided into six sec- 

• Transistor, under R. D. Larson. 

• Receiving Tube, under L. L. Gibbs. 

• Special Tube, under W. H. Nelson. 

• Transmitting Tube, under J. R. 
H.1SCS. 

• Tube Techniques, under Dr. O. M. 
Stuefaer. 

• Tube Test, under S. Badger. 

► Transistor Section— Development of 
transistors capable of operating at the 
high temperatures encountered in air- 
borne use is one of the jirograms under 
wav in the Transistor section. 

Silicon looks promising as a high- 
tcmpcratiirc transistor material, Lar- 
son reports, but it is difficult to produce 
in the required degree of purity. 

Another project is aimrf at improv- 
ing transistor reliability and the con- 
tractor is reported to be making good 
progress. Hermetic sealing appears to 
soh e the reliability problem for grown- 
junction transistors. Larson says, and 
he adds that alt manufacturers are going 
to hermetic sealing. 

Asked about power transistors, Lar- 
son reports that an undisclosed manu- 
facturer has demonstrated a transistor 
capable of handling 40 svatts, and he 
adds that transistors capable of power 
outputs of one to five watts should be 
in pilot production bv the end of the 

Larson also reports that a manufac- 
turer expects to lias c germanium diodes 
capable of handling up to 50 amperes, 


a 300-fold increase over the present top 
rating of about 100 ma. Larson also 
noted a trend to four-element (tetrode) 
transistors to achieve improved opera- 
tion at higher frequencies, 

► Receiving Tube Section— There is a 
two-pronged program under way in the 
Receiving Tube section to get better 
and more reliable tubes. 

One, an interim program, employs 
more rigid specifications, inspection, 
and test, to maintain improved quality 
control on existing tube designs. Tliis 
program, known as the 6000/CT series 
tubes, or Militar>' Control Electron 
tubes, has resulted in much more re- 
liable tubes, based on limited experience 
to date, according to L. L. Gibbs, sec- 
tion chief. \\'hen sufficient quantities 
of tlie MCET units are available, they 
will be recommended for use in all AF 
cq^inent, Gibbs indicates. 

Tlie second phase of the program is 
a long-range effort involving funda- 
mental changes in tube design and con- 
struction— for example, the use of cer- 
amic envelopes instead of glass. 

Another objective is to design the 
tube so it can be constructed largely 
from pieces that can be punched or 
drawn on automatic machines, elimi- 
nating most or all manual operations. 
This is expected to produce more re- 
liable tubes. 

► New Ceramic Tubes- Raytheon Mfg. 
Co. has developed a ceramic tube 
equivalent of the 6L6 beam power tube 
which can be operated at a temperature 
of 250C without derating. The new 
tube is onlv Ath the size of a conven- 
tional metal 61.6 which is only rated 
for ouerntion at 70C. 

Gibbs savs Ravtlieon is developing 
three other cer.imic tube types using 
similar construction; one is a video 
amplifier, another is a half wave rec- 
tifier. and the third is a low-mn triode. 

Tlie tubes' compact eonstniction and 
the u.se of ceramics should make them 
extremclv rugged. Gibbs believes. He 
says they are still in the developmental 
stage and not ready for production. 

► Transmitting Tube Section— There 
has been a sizable improvement in the 
frcqncncv stabilitv of some magnetrons 
fused in airborne radars) as the result 
of development programs sponsored bv 
the Transmitting Tube section, accord- 
ing to F. L. Breen. The carefirl selec- 
tion of materials used in constructing 
magnetrons prevents changes in physi- 
cal size of the cavitv due to tempera- 
ture changes, giving improved stability. 

Breen also notes similar im|3rovc- 
ments in the stability of reflex kivstrons, 
making them relatively unaffected by 
Icmperatiirc and altitude changes. 

► Special Tube Section— Cathode ray 
(electron iwain) tubes and thvratrons 
are the major concern of the Special 
Tube section. 
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A raent development is a very-high- 
intcnsitv direct-view .storage tube which 
can be used to display visual instruc- 
tions transmitted from the ground, or 
could be used in a radar scope. The 
tube, developed bv RCA, produces a 
“blinding” illumination of 5.000 foot- 
lamberts, according to W. II. Nelson, 
.section chief. This section ha.s reccntlv 
launched a program to develop a long- 
persistence color CRT. 

Two recent dcselopments mav find 
widespread use as built-in fault-indi- 
cators for avionic sub-assemblies. One 
is a tiny cathode ray tube (1 in. dia. x 3 
in. long) which can display significant 
waveshapes. Tlic other is a tinv "magic 
eye” tube (J in. dia. x 1 in. long) which 
has two s'oltagc indicators capable of 
giving an approximate indication of 
voltage magnitude without disturbing 
tiieh impedance circuits. 

► Tube Techniques Section— Applied 
research into the jsliysics and chemistry 
behind transistor and vacuum tube op- 
eration is done in the Tube Techniques 
section under Dr. O. M. Stuetzer. 

In the course of this work. Dr. 
Stuetzer invented the "fieldistor.” a 
type of transistor in which the input 
signal controls oiitisiit by means of an 
electrostatic field. 

■ Advantage of the fieldistor is its 
desirable high input impedance; dis- 
advantage is the difficult fabrication 
technique imols'cd in its construction. 

► Tube Test Section- Newh- developed 
transistors and tubes are nut through 
their paces in the Tube Test section, 
which scrs'cs the other sections in this 
branch miicli like the Components Test 
branch serves the Components Develop- 
ment branch. 

This section is equipped with latest 
test equipment for es'aliiaHiig transistor 
performance, including noise, imped- 
ance. four-pole parameter, rise, fall and 

General Purpose 
Test Equipment 

The General Purpose Test Equip- 
ment branch is divided into three sec- 
tions, with these responsibilities: 

• Development. General purpose test 
equipment such as ammeters, ohm- 
meters. multimeters, vacimm-tiibe. volt- 
meters- 

• Measurements & Techniques. De- 
velops new measurement techniques to 
permit the use of simpler, less expen- 
sive test equipment. 

• Interference Reduction. Develops 
new techniques for inter-eqiiipment in- 
terference reduction and establishes 
tolerable limits of radiation from in- 
dividual eauiDments developed bv all 
other W'ADC laboratories. 
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WADCi Armament Laboratory: 


Where Avionics 

Dayton, Ohio-It was little more than 

10 years ago that a group of higli-rank- 
ing Air Force officers visited tlie General 
Electric plant in Schenectady to see a 
demonstration of the then radically new 
remote-control turret system to be used 
on the B-29. lire officers were quite int- 
pressed to see two large twin-gun turrets 
being remotely positioned from a small 
gunsight 40 feet away. 

Then one of the generals walked over 
to look inside one of the system’s black 
boxes. His jaw dropped as he counted 
12 vacuum tubes. V\mat he said as he 
walked away left little doubt that he 
thought that vacuum tubes had no 
place in aircraft armament. 

Today, WADC's Armament Labora- 
tory might well l>c called the Electronic 
Warfare Lab. if that itame had not 
earlier been applied to electronic court- 
tenneasures groups ehewhere. 

In 10 short years, the vacuum tube 
has become the backbone of aircraft 
armament. But there is a growing 
awareness here that avionics can not do 
it single-handed; that these complex 
avionic armament systems must be de- 
signed to accommodate better the hu- 
man operator who must use them and 
the men who maintain thorn. 

► Borirbing Accuracy Up-Despite the 
fact that bombing accuracr' tends to 
deteriorate as bomber speeds and alti- 
tudes increase, we ate now achieving 
better radar bombing accuracy in any 
weather than we got at World War II 
speeds and altitudes by optical means, 
according to Lt- Col. S. C. PlrilliM, 
chief of the Plans Office in tire AriRe- 
ment lab. Major credit goes to the new 
K-series (radar and crptical) bombing 
and navigation system. One version of 
this systenr reportedly weighs 1,700 lb. 
and uses 365 vacuum tubes. 

Not all of this complexity can be 
charged solely to increased bombing 
accuracy. In out new B-47 jet bombers, 
a threc-rnan crew performs the tasks 
tliat kept II men busy iir World War 

11 B-29s. For example, a single B-47 
crewman serves as bombardier, naviga- 
tor. and radar operator. 

This requires the K-systenr to per- 
form automatically manv of the func- 
tions performed manually on previous 
bombing systems, and this means more 
complexity, according to Lt. Col. W, 
M. Hilt, chief of the Strategic Bombing 
branch. 

► No End in Sight— As bomber speeds 
go even higher, bombing and naviga- 
tion systems will become even more 
complex, Hilt predicts. More auto- 
maticity will be needed because human 
reaction time can’t be speeded up to 
match higher bomber speeds. 


Joins Firepower 

W’itb increased bomber speed, the 
bomb must be released farther away 
from the target so the bombing system 
must be able to “acquire" the target far- 
ther out, Pliiilips says- 

New-tvpe bombing systems, which 
will permit bombing without using any 
laiget-derivcd data, are under develop- 
ment, Pliiilips says. 

► Lessons From the Past— The evolu- 
tion from simple optical bomfasights to 
complex avionic bombing systems has 
been a difficult one and tlic Armament 
lab is trs-ing to apply the painfully 
learned lessons of tne past to its new 
liombing svstems. For example; 

• .System Engineering. When radar 
was Erst applied to airborne annament 
late in World War It, it proved expe- 
dient to “many’’ the radar to existing 
armament by means of adaptors (“mar- 
riage boxes"). 

Experience showed tlint these com- 
plex sub-systems were not easily mated. 
The .Armament lab found that it didn’t 
have sufficient manpower or facilities to 
handle systems-enginecring on large 
complex systems. 

Present practice i.s to give complete 
system responsibility to a single prime 
contractor. Tliis assures optimum sys- 
tem integration and minimum system 
weight and volume, according to P. E. 
Koenig, technical director of the Anna 
ment 1ah, 

• Hie Human Factor. As the require- 
ments for weapons systems performance 
increase, it becomes necessary to pay 
more attention to the relationship be 
tween the man and his equipment. 

Tlie Air Force has learned that opera- 
fions which are easy to perform during 
a training flight may prove imnatuml 
and difficult under the strain of combat 
conditions. 

For example, radar scope data should 
be presented to the bombardier in a 
natural or familiar fashion. These 
principles are being applied to new 
bombing system designs, according to 
both Pliiilips and Hilt. 

• Reliability. In 1950. the Air Force 
was experiencing a large number of 
aborted training missions and manv of 
these were charged to vacuum tube or 
avionic equipment failures. Unreliabil- 
ity is one consequence of increa.sed com- 
plexity, at least in the early stages of 
equipment design. 

Project Reliable was formed in 1951 
to find the basic causes of armament 
system unrcliabiliti’, to clean them up. 
and to project that knowledge into 
future designs. (One phase of tliis 
program was to produce more reliable 
vacuum tubes which tlic Electronic 
Components Lab has achieved through 
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its Militarv- Control ivlcctrou Tube pro- 

Project Reliable lessons ate being 
applied to new bombing systems, Ililt 
says. These will bavc "go, no-go" t\pe 
testers built in to cniablc the bombardier 
to check out his system in flight. If 
he finds a malfunction, he can isobtc 
it by switching to another mode of 
iipcrafion, in many instances. 

'Ibe system is being designed using 
highly "unitized” construction, to per- 
mit quick replacement of faulh’ units. 
Improved ground maintenance testers 
have been developed to expedite svstem 
test and trouble-shooting. Hilt adds. 

► Avionic Impact On Figlitcrs— For 
many years, fighter armament consisted 
of ^ins and a simple ring-and-bcad 
sight, but avionics has changed all that, 
nitli impressive results. Sizable credit 
for the o\ cr\shchning Sabre-to-MiG kill 
ratio in Korea (which from Mav to tlic 
end of June was 74 MiGs. zero Sabres) 
i.s given to the computing gunsigbt, and 
its companion range radar, bv Lt. Col. 
G. G. Clcincntson. chief of the l''i.xcd 
Gunnery brancli. 

■\ltliough much has l«cn written in 
Jjraisc of tlic computing gunsight, Col- 
Clcnicntson emphasizes tlie important 
inie of the range radar set which mea- 
mres the distance to the target and 
feeds this information into the comput- 



ng gunsight. 
I'hc gunsigh 


c gnus 


alicad of the target's present position. 
'I'his "lead angle” is the product of 
target S'clocity and fcsscntiallv) target 
range. 'I'hus a 10% error in range in- 
formation means roughlv a 10% error 
in lead angle computation-enough to 
completely miss the target. 

► Importance of Range Radar— Before 
the ads'cnt of range radar, the pilot had 
to turn a small knob to adiusf tlic 
diameter of a circle of dots in his gun- 
sight so that they cuntimioiisls spanned 
the target- He had to do this in the heat 
of combat while he was .simultaiieouslv 
trying to maneuver liis plane into posi- 
fidn, adjust engine power, and anytliing 
else that might come up. The result 
svas very inaccurate range data for the 
gim.sight computer, and poor tr.icking. 
giving incorrect lead angle compiifa- 

Witli range radar, the pilot can con- 
centrate on tracking his target while 
the radar contimiouslv pumps accurate 
range data info the gunsight commitcr. 

► .Aware of Complexity Dangrrs-Clem- 
entson shows a keen awareness of the 
dangers of going overboard in figlitc 
armament complexits'- For cxamnlc be 
told .Aviatiov Wf.hk that his bran-h 
is currently anal\7:mg two ncu fiohtcr 
gunsights to determine which should ?o 
into production as a replacement for 
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the siglit now in use. One of the neu' 
siglits is considerably more complex 
but will giic imprmeti accuracy, provid- 
ing tliat the fighter ])i1ot is able to track 
bis target lery smoothly. But m the 
nesver Tiighspecd fighters, airplane sta- 
bility is not as good as in slower air- 
craft, making it difficult to track 
smoothly, Clementson says. 

The other new gunsight auder cuu- 
sidcration has accuracy "comparable" 
Id the gunsight now in use, but it is 
fuuclamentiilly much more simple in 
construction and should therefore be 
easier to maintain and keep in opera- 
tion, Clementson says. 

In weighing these t« (i neiv gunsights, 
Clementson says that the more complex 
sight could be as reliable as the simpler 
one, after a suitable period of equip- 
ment "debugging” and personue! ra- 
in iliarization. 

'The trouble is this: if the "debug- 
ging" and familiarization period is too 
prolonged, tlie equipment will be black- 
listed, or obsolete before an acceptable 
degree of reliability is achieved, Clcm- 

► Intcrceptor Fite Control— Interceptor 
fire-control systems, developed by 
Hughes .Aircraft and currcntlv in use 
on the F-86D, l''-94C, nod l '-,S9D, liaic 
increased tlie probability of locating and 
destroying an enemy boinber by a factor 
of 10:1, Clementson estimates. 

'I'liis ratio is based on caniparison 
with airplane capability if it liad no air- 
borne fire-control svstem and had to be 
directed by ground controiled intercept 
(CCl) radar. 

Fresent interceptor radar fire-control 
systems enable tlie pilot to spot a target 
in any weather. .A computer automatic- 
ally calculates the retiiiircd intcree|)tor 
course, and in some versions, the auto- 
pilot imtomaticallv maneiucrs the air- 
plane into the correct position and 
liolds it on the calculated course. 

Mure advanced systems under way 
at Huglies will fire the llughcs-dcvei- 
nped Falcon air-to-air missile. This is 
exjicctcd to increase the probability of 
successful interception considerably, 
Clementson says. l''ot one thing, it will 
enable the inbrreeptor to open fire at 
greater distances from the target, mak- 
ing it less vulnerable to enemy bomber 
counters re. 

► Bomber Defense— Bomber defense, 
lor whicli the vacuum tube was first in- 
troduced into the armament field, has 
been hard liit by recent aiionic ad- 
saiiees. 'The new automatic interceptor 
fire-control systems and guided missiles 
pose a serious threat to bomber defense, 
according to Major E. O. Godfrev. chief 
of the Boinber Defense braiieli. 

It would be possible to provide cx- 
tremeli' good bomber-defense capabil- 
ities, Godfrey says, if space and weiglit 
were no limitation. Howci cr. lie |)oiiits 
nut tliat fuel banks usurp most of the 
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space in new jet hcimbers, le-.iviiig little 

"Hoinber defense tciid.s to take a back 
seat to greater bombloail. longer range, 
and better boinbiiig systems, until tlie 
crew finds itself under attack," Godfrey 

►°l^i\1 M’ill Heli>-A few years ago, 
imim ix;(i|jle lield a defeatist attitude 
uii bomber defense, Godfrey says, but 
there have been recent developments 
wliieli sliow considerable potential. 
Klcctroiiic coimtctmeasures, for one, 
appears to offer "trcnicndoos possibil- 
ities," Godfrev says. 

Hie use of long-range radar to spot 
and track enemy fighters much fartlier 
nut i.s another answer to the problem of 
higher closing speeds in jet combat, lie 

►Tactical Bombing Branch— Slioran 
equipment, used in tactical bombing for 
target location, is an exception to tlie 
general rule that Rome Air Desclop- 
inent Center bandies ground-based 
avionics. Tlic ‘Tactical Bombing bmneli 
here is responsible for botli tlic airborne 
receivers and tlie ground-based beacons. 

'Tliis branch is charged witli develop- 
ing bombing systems for both fighter- 
bombers and tactical (rnediuiii) bomb- 
tr.s, to enable tliciii to knock-oiit any- 
lliing from a railroad-inarslialliiig yard 
to a truck, from a radar site to a railroad 
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the NEW TREND in AIRCRAFT POWER SUPPLY! 


Aviation’s growing trend from generated DC 
to 400 cycle AC has created a broad need for 
rugged and reliable power supplies to furnish 
DC voltages where required. 

To serve both ground and airborne appli- 
cations Federal has developed an extensive 
line of high-quality equipments . . . without 
expendable parts that require frequent re- 
placement. All are powered by Federal sele- 
nium recf/fiers. ..outstanding for long life and 
trouble-free service! 

The equipments shown here are but a few 
of the types now available from Federal for 
a wide range of aircraft applications. 


Federal 

is ready to meet your requirements 
with compact/ efficient, dependabie 


SELENIUM RECTIFIER 
EQUIPMENTS 



Federpi'sApplication Engineering 
Department is ready to assist you 
in designing aircraft power supplies 
to qualify any or oil of the follow- 
ing Engineering Tests 

UNDER MIL-E-5272 
« Sait Spray • Altitude 

• Fungus • Vibration 

• Sand and Dust • Shock 

• Humidity • Temperature 



Federal % 


Tekphone and Radio Companii 





■ AERO-MEDICtNE 

Airman Survival Is Aero Med’s Big Job 



Dayton, Oliio— An aerosol bomb, a tight-fitting nylon suit and a can of 
rations have one common denominator— sui\ivaJ- 

'I’he bomb contains Aeroplast, a new spray-on surgical dressing for treat- 
ing burns. It can be applied by anyone in miniininn time and can save 
.lircrew lives otherwise lost to fires iii the air. 

The suit is the T-1 partial-pressure protective garment. Already it has 
saved several extremely valuable test pilots and more than $18 million worth 
of aircraft they were flying. 

riic can is part of a survival kit for downed pilots and crew. The kit fits 
under the seat, and will shelter, feed and arm the crewman. 


about five years ahead of the time it 
will be needed." 

► Way Up High— Cain told Aviation 
Week that it was Boeing's big B-29 
Superfort that gave the first indica- 
tions of human factors in aircraft de- 
sign. 

"It was the first plane «e had that 
could go high enough on routine mis- 
sions to introduce problems.” he said. 

“It was the first plane designed to 
pros'ide a d^ee of comfort and efti- 


These are some of the items that arc 
typical of the end product of research 
and development in as'iatioii medicine, 
the primary job of the Aero Medical 
Laboratorv. 

►VVork Defined— "We’re concerned 
uith basic and applied research in the 
human factors," said Col. Robert II. 
Blount, Chief of the laboratory at 
Wright Air Dciclopmcnt Center. 

“In military language, our mission 
is twofold; 

• "To provide technical information 
based on scientific research. 


• “To eany out the actual develop- 
ment of items of personal equipment. 

"In less formal language, our job is 
to put a man in an airplane and to 
keep him alive.” 

How well is that job being done? 
Is the laboratory abreast of the aircraft 
performance required for the military 
tasks of the future? 

“I believe we arc keeping pace,” said 
Lt. Col. C, C. Cain, who is Chief, 
Operations and Plans. "In one instance 
at least, we’re ahead of the aircraft 
design. We try to get at the job 


"Temperature and pressuriajtioii for 
crew eoiupartmcnts, as well as improved 
crew workspace, indicated a realization 
of the human requirements on the part 
of the designers of that particular air- 
craft.” 

Cain pointed out that the inevitable 
design compromise is not new to aero- 
medical specialists. The requirements 
for high performance generally mean 
cutting down weight and cross-sec- 
tional area, and this makes the acro- 
mcdical job tough. 

► Information Lacking— "One place 
where information is lacking,” said 
Cain, "is on the number of missions 
during a combat tour where the pilot 
uses nis emergency equipment. Also 
«'c don’t have enough experience with 
combat at high altitudes to show the 
vulnerability of cockpit pressurization. 

“'nicn there's one big problem; Do 
we make the aircraft and operator a 
combination to accomplish a mission, 
or do we want to use safety equipment 
to rescue the human operator? We 
don't have the an.swer to that one.” 

► Recent Developments— lliese are 
some of tlic development projects that 
have come out of Aeroined lab during 
the past months; 

• Resuscilator of extreme versatility. 
This little unit can be connected any- 
where that there is a low-power elee- 

For cxa;nple, at home, in aircraft, 
even in a car, where it can be plugged 
into the cigarette lighter- It produces 
positive and negative pressure, and will 
operate at altitude for use in combat 
or evacuation aircraft. 

Tlie unit is about as big as a man’s 
fist and there is no supplemental 
equipment- Its development won for 
Henry Seeler the 1952 Thurman II. 
Bane award of the Institute of the 
Aeronautical Sciences. 

• Coordinated cockpit arrangement. 
As one result of this continuing pro- 
gram, accidental raising of the landing 
gear on the ground has almost been 
tlimiiiated. This used to be a preva- 
lent accident because of confusion be- 
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tween flap selector and gear retraction 

• Liquid oxygen converter. This item 
rose out of the obvious space saving 
;;fforded by using liquid instead of 
gaseous oxygen. The Type Liquid 
Oxygen Converter is now a sfcuulard 
item scheduled for installatio;; in the 
Republic F-84 series, 

• Minimum simulation for maximum 
effectiveness. The high cost of flight 
simulators-approaching half that of the 
airplane itself-stcins from the amount 
of simulation worked into the design 
of the trainers. But in some cases too 
mucli simulation has been found to 
reduce effectiveness in training. 

One of the current jobs of Acromed 
is to figure just how much simulation 
is necessary— or in other words, where 
is the point of diminishing return? 

• New anti-G suits. There have been 
two new types of anti-G suits de- 
veloped which raise the protection level 
about 5G above average tolerance, to 
an over-all level approaching 7G. One 
byproduct; G protection now ap- 
pjoacbes the values obtained by prone 
flight and poses the question of the 
practical value of the prone position 
in the plane from a pliysiological view- 

Drag reduction requirements of su- 
personic flight may still necessitate 
flush cockpits, forcing use of the prone 
pilot position. 

• New inflight meals, .Alumimmi foil 
packs arc the basic idea behind a new 
scheme for inflight feeding of bomber 
and transport crews, A minimum of 
inflight preparation and expense can 
produce freshly cooked, nutritious 

Part of the same progruni is a new 
galley developed for M.\TS. It can be 
loaded aboard the aircraft bv a lift 
truck, .md comes in modular units so 
that several can be stored casilv i;i a 
large plane. Service from the unit is 
expected to consist of sandwiches, soups 
and beverages. 

• Human Engineering Guide, This is 
a document for designers where all 
available human engineering data will 
be assembled. The fir.st complete 
volume is expected to be out in 1955, 
with portions available before then. 

• Handbook of Acoustic Noise Control. 
'Ibis report is a general approach to 
the problem of noise, and gives con- 
tractors the best current methods for 
coping with the noise levels of new 

The scope of this work extends from 
design handbooks and reports to tangi- 
ble hardware and food. Of all the 
survival projects that have gone through 
the lab, perhaps the most exciting to 
layme;; would be the development of 
Aeroplast. To pilots and engineers, the 
protective clothing-typified by the 
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AERO INSTRUMENT CO. 






Warner's Extension Power Brake Valve, shown above, has 
an exclusive hydraulic feed-back feature to give the pilot 
immediate worning in event of hydraulic system foilure. 
This compact, lightweight, space-saving valve Is odoptable 
to a wide range of system and brake pressures. 

Warner is qualified by experience and facilities for the desigrt 
and production of critical hydroulic equipment for a wide range 
of uses. Warner engineers will welcome an opportunity to assist 
you in the development of special hydraulic equipment to meet 
your particular requirements. 

Write for your copy of the illustrated folder shown above 
describing typical examples of Warner precision hydraulic 
equipment. 

DIVISION OF DETROIT HARVESTER CO. OP N.Y. INC. 

21535 GROESBECK HIGHWAY • P.O. BOX 36B6 • DETROIT 5, MICHIGAN 
DESIGNERS AND MANUFACTURERS OF PUMPS • VALVES • ACTUATORS 
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T'-l, and G-siiits-«oiild probil>ly 
be most intctesting. 

Here arc clehiilcd descriptions ot 
llicse projects. 

Aeroplasf 

Almost anyone can use an ,\croplast 
bomb. That is what sets it apart as 
a dressing for burns. The container has 
a thumb valve on top that sprays the 
burned area with a thin layer of plastic. 
Ibat is tlic complete treatment. 

The implications of such a dressing 
arc enornious- In civil defense, for 
example, one of the chief worries is 
that there will not be enongh bandage 
available to cover the hundreds of 
thousands of burn cases expected from 

► Five-Minute lob-Biit a 50% body 
bum-one in wliieli lialf the skin has 
been scared— can be completely dressed 
by two ntcdic.ll corpsmen in five min- 
utes, using four .\croplast bombs. 
Compatc that with the doctor and 
nurse, tivo and one-half pounds of 
ointment, 120 yards of bandages and 
tlie hour ot more required to treat 
the same bum by the cunent bandage 
technique. 

Bums aren't the only hpc of injury 
that can be treated. Clinical tests were 
made of Acroplast in Bellevue Hospital, 
New York, on skin-graft donor sites, 
operative wounds and lacerations as 
well as first- to tliird-dcgrcc burns- In 
most cases .\croplast ptoveel itself equal 
ot superior to usual forms of dressings. 

► Development— Acroplast is the brain- 
child of Capt. Daniel S. ]. Choy. He 
began work in August 1951, developed 
the dressing, tested it. and wrote his 
final report by December 1952. 

Tire nraterial is elastic and flexible, 
uaterproof and permeable to water 
vapor. It peels off easily, and docs not 
leave the skin wrinkled or puckered. 

It is inflammable; its base is chemi- 
cally inert, but the solvent can be 
to.xic in large concentrations. Only one 
out of a thousand control subjects 
showed any reaction to a patch test on 
tire shaved forearm. In contrast, about 
20% of the control group showed mild 
to severe reaction to the normal adhe- 
sive bandages used to cover the patch. 

► Bellevue Experience— In any medical 
devciopment, clinical testing is tire 
final answer. Bellevue Hospital in New 
York used Acroplast on a variety of 
cases, and it is worth citing a couple. 

One patient was treated for first- 
and sccond-degrcc (lasli burns of tlie 
face, luxk. trunk and arms. All the 
burns, except those on the face, were 
spraved with Acroplast. Tlicrc was 
almost immediate relief of pain wlierc 
the dressing had touched, but the facial 
bums remained painful. First-degree 
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Reliability in electronics 
** can result only from excellence in design, manu- 

facture, inspection, and testing methods. 

The DuKane Corpoi 
tube "proving ground" which provides a 
flow of tubes for the assembly lines of one airborne 
project at their plant. This "proving ground" 
constantly ages 10,000 tubes by a process of 
" ■ i simultaneous vibration and full power operation 
■' ^ before they are subjected to a close-limits inspec- 
tion. This is only one way DuKane assures greater 
"Reliability” in electronics. 

If your service has a classified project or a prime 
contractor has a project where electronic "Relia- 
bility" is the number one factor, take advantage 
of DuKane’s thirty years of 
experience and established 
ufacturing facilities. Let 
technical men discuss it 


DuKane 


CORPORATION 

ESTAtLISHED AS "OEERADIO" 1922 

ST. CHARLES, ILLINOIS 
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J iiE CONNECTICUT HARD RUBBER CO. IS a devel- 
opment organization, witii more than one- 
quarter of its personnel engaged in technical work. Tliis 
staff has solved many important problems in the rubber 
and elastomer fields and continues to do so daily. Some 
of this work is done on a research contract basis. Our 
achiesements in this direction ha\c earned the com- 
pany an outstanding reputation. 

Thc development skills and know-how gained 
through this research work arc a\ailablc for the solu- 
tion of commercial problems and for the production of 
difficult rubber pieces on a quantity basis. 

A copy of this brochure will be sent upon request. 


bums were completely healed in .six 
days. 

Another patient had second-degree 
burns of fingers and hands from a 
gasoline fire. After spraying, he was 
encouraged to use Iris hands. He did. 
so vigorous!)’ that the plastic glove had 
to be retouclicd at the finger pads and 
«eb spaces. In 10 days, both liands 
were hcaled- 

Cnrrcnt status of Acroplast is one 
of waiting; it must qualify mrder the 
Pure hood and Drug Ijw, but this 
step is regarded as mcrelv a matter 
of course by Aero Medical people. 
Following that, the plan is to make 
the dressing mailable to pharmaceutical 
liousc.s for production to meet the 
needs of hospitals, the service.? and 
civil defense. 

Pressure Suits 

Valuable aircraft and more valuable 
pilots has’c been sased because of the 
pressure suit, dcscloped after almost 
a decade of continuous work bv the 
Aero Medical lab and nniscrsitics. 

■'It’s an emergency garment with 
autoinafic operation wlicn cabin pres- 
sure fiiiU," said 15r. Wayland Hull. 
|>h)sinlogist with the lah,’ “It give.? 
the pilot a strong second skin and— 
by mtfiianical pressure— supports his 
muscniatiirc and mainhain.s normal cir- 

► X-I Started It— ’Hie first liigh-altitudc 
flights of the Bell X-1 touched off the 
need for the suit- Fxpcrimcntal units 
were borrowed from the lab for the 
flights, and the pilots, with soinc mis- 
givings and some griping, wore them. 

One dav Lt. Col. Frank K. Everest 
was blasting along in the X-I when 
his suit suddenly inflated, Tlic cabin 
had been losing pressure steadily 
tlirougli a slow leak. Wlien tlie cabin 
altitude teaelied something more than 
40.000 ft., the suit inflated automati- 
cally. Kverest was suddenly uncom- 
fortable and sonicwliat inconvenienced, 
but be was alive. That convinced him, 
and similar incidents have made other 
pilots staunch believers in the suit. 
►Air Force Users— Today nvore than 
230 AF personnel arc wearing one of 
two models of the suit. 

• Tactical and test pilots get the T-l 
suit, a combination of the emergeuev 
p.irtial-prcssurc g-atment and a G-suit. 

• Strat^'c crews get an S-2 suit, whicli 
doesn’t have the G protcction-vou 
don't pull mail)' in maneuvering a big 
bomber. 

'I'he suits, originally custom tailored, 
are now available in a variety of sizes 
that will handle any Air Force pilot 
or crewman of normal build. ser- 
geant issues the suit, and makes initial 
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TOO LATE TO HIDE . . . from a RELIABLE missile 


Hundreds of test hours become worthless 
should a component fail at this critical moment. 
A major source of last-minute failure is the un- 
predictable jamming of a hydraulic control valve 
by just a single panicle of dirt. 

Now. .Sanders Associates. Inc. offers a hydrau- 
lic valve that is accurate . . . and reliable. 
Utilizing a unique form of mechanical feedback, 
thi.s new valve creates forces as high as 500 
pounds to break free any jamming panicles. 
Interfering metal chip.? arc literally chopped up. 
Here is a sclf-cleiiring valve that operates without 
oil filters, even with dirt, sludge and metal 


panicles in the hydraulic fluid supply . . . this 
Is reliabiliiy . . . "buill-in" reliability. 

Sanders Associates. Inc, is active in complex 
research and development programs where new 
concepts of accuracy and reliability are essential. 
Typical of the product development under such 
programs Is this two-stage hydraulic servo valve 
... a key component in guided missiles, fire 
control, aulo-pilois. automatic machine control 
and other applications where the transfer from 
electrical to hydraulic energy imisi be both ac- 
curate and reliable. 

Address inquiries to Dept, 40-AW. 




^ANOERS 
^OCIATES 


137 CANAl STREET 
NASHUA, NEVN HAMPSHIRE 
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adjustment of tlie many tapes wliicit 
gives titc final contours. Under pressure, 
an aimiaii can't stand up straigliC, 
because the suit is adjusted to seated 
posture. 

Leg and arm contours are distorted 
l)v external capstan tubes which tun 
Ihe length of the limbs. 7’apes around 
these tubes tic in to the material of 
the suit. These tapes tighten the suit 
and apply pressure to the stin. 

► For Emergencies— Nonnallv nothing 
happens in the suit, said Dr. Hull; 


\iiu don’t need it unless there is an 
uncrgency at altitudes beginning some- 
where above the 40,000-ft. level. Tlie 
suit regulator is set to fire at 45,000 
ft; when it goes off, it sends oxygen— 
from a bottle worn on the right side 
of the bach next to the chute— through 
the capstan tubes and also into the 
helmet. 

Under pressure, the capstan tubes 
expand and draw the tapes tight; that 
pressurizes your skin, and you’re safe. 
There is a manual operator, just in 
case the automatic regulator doesn’t 
work. 



Xext step is to fly the plane down 
to a safe altitude, disconnect the bottle 
and come home. If tire plane is shot 
up or otherwise not worth taking back, 
you bail out in the prescribed way. 

’llic suit holds pressure, the bottle 
contains about 10 minutes worth of 
oxygen for breathing and operation, 
and you can get all tlic way to the 
ground in that amount of time from 
any current altitude. 

► bovelopmenl— Many years of de- 
velopment work have been summed 
up in the T-1 and S-2 suits. Most 
of the early suit proposals were built 
around the full-pressure scheme of the 
diver's suit. Wiley Post had such a 
garment and an RXF officer wore one 
to set a world’s altitude record in the 
1950s. 

Work on what was to be the T-1 
suit started in 1943 and was greatly 
accelerated by the Air Materiel Com- 
mand in 1946 as the flights of the 
X-airplanes began. 

Dr, Harold Lamport of Yale Uni- 
sersity was working with a scheme for 
exerting pressures in a G-suit, using 
inflatable tubes with tension tapes to 
pull fabric tight. Dr. fames Henry of 
Aero Medical had the idea of apply- 
ing that ssstem to pressurization of 
the whole body, and in 1946 delivered 
the first partial-pressure suit to the 
Air Force. 

Since tlicn the suit has changed very 
little, although work continues on the 
development of an adequate helmet. 
In 1949 Air Force decided to stand- 
ardize the suit, and in May this year, 
tlie last stages of that program were 
completed. 

► Two Pressures- Although pressure is 
applied mechanically to the anns, logs 
and torso, the head and chest are pres- 
surized pneumatically by pressure 
brcatiiing, Hull explained. This is the 
reverse of normal breathing where 
exertion is used to inhale and the 
diaphragm relaxed to exhale. In pres- 
sure breathing, the oxygen is forced 
into the lungs as the airman relaxes, 
and exhaling is done forcibly. 

Under pressure, the suit is uncom- 
fortable; but at an outside altitude of 

40.000 ft., a pilot under pressure can 
squat, tiimb or touch the back of his 
bead. At 50.000 ft. outside altitude, 
there is little inconvenience; the body 
reacts about as it docs in free air at 

10.000 ft. 

The bands and feet, not covered 
by tlie suit, will swell if not protected. 
Special shoes and gloves arc available 
tn handle this situation. 

V-3 Exposure Suit 

Arctic exposure or the torrid cockpits 
of supersonic planes will not make any 
difference to a pilot wearing a V-5 
suit. It is an air conditioned aiiH-ex- 
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Three engines can 
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po$ure suit Cliat piotccts him during 
inimursion in anything from icy water 
to hot cabin air. It is completely ven- 
tilated inside and uses high-eSciency 
insulation. 

Full Protection— With the V-3 suit, 
the pilot is fully protected against; 

• Low temperatures to — 70F. 

• Cold water immersion. 

• Arctic exposure to — 50F. 

• High cabin ait temperature to 160F. 

• Cabin wall heat radiation to 350F. 
Explanations— How the suit is made 

and liow it works were explained by 
John Hall. Jr., of the lab’s physiology 
branch. 

’Ihere are two pieces to put on— a 
spacer garnrent and an outer shell. 
The spacer is made of Saran plastic 
woven into a loose netting. It mounts 
ventilating tubes which run out along 
legs and arms, and distribute air on the 
basis of half the mass Bow to the Ices, 
and the other half divided between the 
arms and trunk, Hall pointed out. 

Over the spacer suit the pilot wears 
an impermeable outer shell Nshich is 
basically the Navy’s Mk. 4 exposure 
suit. ’This shell is lined with one-quarter- 
inch-thick wool pile insulation between 
waterproof layers of material. You get 
into it through a cloth trunk which 
sprouts out of the neck; then you tuck 
in the trunk and zip up. 

►Valve Arrangement- lire suit is be- 
spangled with circular valves that are 



V-3 Suit Spacer Garment 
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where ether materials tail ! 


Many of the most oble designers, like those Westinghouse 
men who mode automatic cooking a practical reality, save 
time and money by trying Siloslic first when they need 
rubbery properties at temperatures far above or below the 
limits of any ordinary rubber. And exceptional stability at 
both high ond low temperatures is combined in Silastic with 
excellent resistance to outdoor weothering ond good resist- 
ance to o variety of hot oils ond chemicals. Further proof of 
the Inherent stobility of Silastic is given In this small graph 
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showing the effect of aging at 275°C (527®F) on the dielectric 
strength of Silastic. 


Dielectric strength measured with 14 inch electrodes in air 
on two layers of Silostie R Tape, for example, overage 0.475 
KV per mil. After 20 weeks of continuous aging at 275®C 
with both surfaces exposed in an air circulating oven, dielectric 
strength groduolly decreased from a high of O.dOl to 0.485 KV 
per mil. 


That's the kind of performance that mokes Silastic, the Dow 
Corning silicone rubber, unique among all rubbery materiols. 
When you need rubbery properties at temperatures above 
150°F or below —40°^ or excellent dielectric properties 
in o resilient and flexible moterial specify Silastic. 
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BOW CORNING CORPORATION, 0«pt. D-8A, Midland, MithiBoa 
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^;;^^[ockbolt1'rinciple 

' IIMSLRES POSITIVE 



HERE IS HOW LOCKBOLTS* PULL TWO PIECES OF WORK TOGETHER 



Insert Lockbolt* pin from one 
side of work, Slide locking collar 
over pin tail from opposite side 
of work. Attach driving tool to 
pin toil. 


Pull trigger and tool automatically 
pulls on pin, pushes on collar, 
couses Lockbolt pin to fill hole, 
pulls work together, swages 
collar, breaks off pin toil and 
ejects tool. 


I' ■'! 


■ '3 


#34 

Result: A positive locked fastener 
with high tensile preload; o non- 
deflecting joint that is uniformly 
tight; also a faster, easier and 
simpler installation. 


*Monufactured under U. S. pofenfs, other patents pending 


Complete literature an 
^if^faslenert fs avoifahle 
on request to: 

CALIFORNIA REPRESENTATIVE: 




MANUFACTURING COMPANY 

DETROIT, MICH. 


M. A. MINER & ASSOCIATES, 3808 W. 54th St., Los Angeles, Colifornio. Phene AXminster 3-8208 
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nonnally open. But if the pilot sees 
himself headed for the water he pulb a 
wire which closes all the breather valves 
and seals them against water pressure. 
This arrangement is to be replaced by a 
refined valve that will be balanced to 
close and open under air lo.ids and stay 
closed in water. 

The suit can be worn on the ground 
if you're willing to go through a calis- 
thenic routine to maKC the suit act like 
a bellows and keep you ventilated. For 
normal operation in an airplane, the 
suit can be hooked up to cabin air; this 
will work with high cabin air tempera- 
ture because evaporative cooling can be 
comfortable. 

Ventilation can also be provided by a 
small (28-cfm.) blower. If excessive 
temperatures plague pilots during Uie 
next decade, an e:^nsion turbine 
sirould provide the answer. 

AnH-G Suit 

An anti-G suit is a way to fool the 
heart. The mechanism of this trickery 
has not been fully understood. Dr. 0. H. 
Gauer, Dr. J. P. Henry and their group 
of Aero Medical's biophysics branch, re- 
cently have evolved some new ideas on 
the operation of the anti-G suit. 

► DifFeient Aim— This new approach 
was not the original aim of Dr. Gauer. 
He was interested in a program of basic 


research on blood distribution in ani- 
mals, part of his studies on the eircula- 
tory system in general. 

Key to the Knowledge of suit OMra- 
tion was a tiny instrument with which 
Gauer and his associates were able to 
measure— for the first time-the ex- 
tremely low pressures in the veins. The 
instrument is a tiny manometer and 
transducer complete in a capsule not 
much larger than the top of a retractible 
ball-point pen. 

Earlier instruments used a pressure- 
sensing element inside the veins, then 
ran manometer tubes out through the 
skin to a remote indicator. The trouble 
was that the pressures which had to be 
measured by this system were of the 
same magnitude as the eaors in meas- 
urement. 

But the instrumentation developed 
for Gauer measures pressure and con- 
verts it to an electrical signal in the 
capsule itself, and there ate no pressure 
losses to cope with as there would be in 
loM lines. 

► (5-Suit Action— In order to maintain 
the supply of blood to the brain under 
conditions of increased gravity load, the 
output pressure of the heart has to be 
increased. With a G-suit, you mechan- 
ically compress the legs and tlie lower 
abdomen. 

'The general explanation of the suit 
action has been that this compression 


A new pressure switch 
with dual control for low 
pressure operation has 
been designed and devel- 
oped to meet Specifications 
MIL-E-6272. The internal 
controls of the switch can 
be set to any predeter- 
mined valve from 6" H^O 
to 10 p.s.i. for control to 
either a linear or non-linear 
characteristics. The mini- 
mum spread between oper- 
ate and return of either 
control is 1.6 inches HjO. 

The dufil switch is capa- 
ble of operation at an 
extremely low temperature 
of — 80°F and at a high 
temperature of -j-180°F 
with a minimum degree of 
temperature drift. 

The switch has a light 
weight of 22 02. with an 
over all height of 4 inches. 
The mounting is achieved 
by three boite on a 4-% 
inch dia. bolt circle. 

For additional information 
write 

“AIRCON 

ENGINEERING” 

DIVISION OF 
Aeronaulical Machinists, 
386 Mountain Grove Street, 
Bridgeport 5, Connecticut. 
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AnnouDcediuJanuarv!Over30,000 
bought bv March 31!! That’s the 
whirlwind success story of the sen- 
sational PROTO turtjuc-b’fn/tin^ 
wrench. In addition to foot-pound 
models, you can now buy inch- 
pound styles with all of the features 
that made thcTorquer famous over- 
night. Thousands of jobs can now 
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ratchet head stylesavailable. Wheth- 
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itself in time saved. Buy 
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tends to throttle portions of the arterial 
system and force the pressure to rise in 
other portions to feed the brain. This 
view is based on the tacit assumption 
that the heart is a constant-volume 
pump. 

► Effect of Throttling— Test have shown 
that the heart is a constant-pressure de- 
\ ice; so if you throttle the system, Gauer 
says, the heart cuts down the output and 
there is no gain. What actually appears 
to happen is that by compression of legs 
and guts, pressure is raised on the input 
side of the pump-behind the left ven- 
tricle— and the licart adds its normal 
pressure rise to the inlet pressure pro- 
vided by compression. 

The result is an outlet pressure suffi- 
cient to raise the blood to the head 
under high G. 

The extra blood from the compressed 
portions is pushed up through the veins 
and adds to the venous pressure. Extra 
volume of blood is storccl in the lungs— 
a series of chest X-rays show this fact 
clearly. 

The volume distribution of blood in 
tlie body is such that you cannot 
raise G protection indefinitely— there is 
a limit currently at iG above tlie normal 
tolerance of 4G. There is also a limit 
to the amount of blood that can be 
squeezed into the lungs, and that 
amount is not enough to cause anv 
damage. 

“This idea and work is one place 
wlierc basic research has paid off,’’ said 
one of the group’s superiors. "It was 
based on curiosity on bow animals dis- 
tribute the blood through their systems. 
Now we know how to design better 

Organization 

Six branches perform tlie mission of 
the lab and support Wright Air De- 
velopment Center in its over-ail job. 
Here is the task breakdown for the 
branches; 

• Biophysics. Study of flight accelera- 
tion affects, body-to<ockpit dimensional 
relationships, escape techniques and ef- 
fects of noise and vibration. 

• Clothing. Design, development and 
standardization of all flights, functional 
and uniform clothing, some tvpes of per- 
sonal equipment and all restraining de- 
vices, establishment of material require- 
ments for clothing. 

• Engineering an3 development. Design 
and development of oxygen masks and 
regulators, resuscitation equipment, sur- 
vival kits, life rafts, medical and sanita- 
tion equipment, safetv harnesses and the 
like. 

• Physiology. Response of humans to 
heat, cold, humiditv, radiation, explosive 

I decompression, study of vision, inflight 

I and survival rations, and toxicology. 



V-i SHELI. is modified exposure suit 


•Psychology. Human cngiiiccrin| di- 
rected to improving the design of .\F 
equipment for better operation, loca- 
tion, design and arrangement of instru- 
ments and controls, response tests and 
color for interiors. 

• Sendee. Design; drafting spec prepara- 
tion; release, editing and distribution of 
reports; photographic work; mainte- 
nance and operation of the laboratory 
animal pens, and of air conditioning, re- 
frigeration and altitude chamber wcili- 

llie end product of these six branches 
is generally a technical report, sent out 
to the contractors who require the par- 
ticular information. 

Facilities 

As it stands today, the Aero-medical 
lab calls seven buildings its permanent 
home, and lives in seven other barracks- 
type buildings and some space on loan 
from equipment lab. Cunent floor 
space totals 77,528 sq. ft. 

►New Housing— New buildings are 
either under construction or have been 
budgeted or proposed. Building 53, the 
newest lab building, is now being 
topped with a tliird floor to add 6,700 
sq. ft. A high-aititude building is also 
under construction. In final design stage 
are a new engineering building and an 
addition to the main building. A bio- 
acoustics facility is in the 1954 fiscal 
year budget request, and a clothing 
building will be sought later. 

If all these buildings arc approved, 
the lab’s total space will be more than 
doubled to a total of 177,983 sq. ft. 
►Man vs. Machine— Testing of humans 
is somewhat different from testing a 
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strip of stainless steel. The testing ma- 
chine has to be big enough to contain 
the subject and the equipment he is try- 
ing to operate or wear. Consequently, 
Aeromed-lab facilities are big. 

The centrifuge, for example, is housed 
in a circular room more than 60 ft, 
across. It is made up of a pair of 48-ft.- 
long steel booms that carry a free-swing- 
ing cab between them 20 ft. ftom the 
spin axis. Electric motors drive this 
carousel up to about 52 rpm. ma.ximum 
—this would produce about 21G at the 
cab. 

Temperature in the cab can be con- 
trolled between 70F and I20F, and 
about 400 lb. net is the load limit. 

Another man-whirler is the spin table, 
an 8-ft.-dia. horizontal centrifuge. It is 
being used to study the effects of tum- 
bling, the violent and unpredictable 
motion that occurs when a pilot ejects 
into the highspeed slipstream. Volun- 
teers have been whipped around up to 
100 ipm. while lying on their right sides 
with the body in a seated attitude. 

► Ejection Tests— Upward and down- 
ward ejection seat towers are another 
type of special test facilities used. For 
upward ejection the test track rises 100 
ft. into the air, and the seat is stopped 
by gravity. There are seven safety de- 
vices which work on three different prin- 
ciples to retain the seat. Top speed- 
determined by the charge used to hurl 
the subject aloft-won’t exceed 60 fps. 
Acceleration peak is about 15G, with a 
rate of change of acceleration (now 
called "jolt") of about 1 50G per second. 

Riding the seat downward is some- 
what dilFerent. The seat is mounted 
35 ft. off the floor, and after ejection, 
roars into a curved section of track that 
guides the scat to a horizontal stop on a 
track section on the floor. 

►For New Heights— An altitude cham- 
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ber was the first test facility at the lab, 
and since the early days, chambers have 
been added and modified to keep pace 
with the drive to higher and higher 
reaches. 

Latest of these arrangements uses a 
group of three interconnecting small 
rooms tied to a large 20-man unit. The 
three chambers comprise a four-man, 
225-cu. ft. chamber, an air lock, and a 
capsule with 60 cu. ft. capacity. 

• The four-mail chamber has an altitude 
capacity of 65,000 ft., and climb to alti- 
tude can be simulated at conventional 
rates, or by explosive decompression. 

• The ail lock provides space for ob- 
servers, and lets subjects be taken up or 
down without changing the simulated 
altitude of the test chamber. 

• The capsule chamber has one job: 
higher altitude simulation than the 
group chamber. Its small volume more 
nearly gives the decompression rate of a 
fightCT cockpit suddently depressurized 
by gunfire or failure. Altitude capacity is 
80,000 ft., still beyond the record for 
manned altitude flights. 

► Grew Training— One important job of 
the altitude chambers in this group is 
the indoctrination of test crews in the 
use of the partial-pressure emergency 
suit. Other work which has stemmed 
from the use of these chambers includes 
the development of oxygen regulators 
and other protective equipment. 

The various units: 

• Altitude chamber for testing equip- 
ment has a completely removable back 
through which heavy units can be 
brought for test. The room is about 14 
ft. long by six feet wide and high. 
Simulated rate of climb is 8,000 fpm. 
to a peak altitude of 40,000 ft.; tempera- 
ture can be dropped to — 67F. 

• Cuardite stratosphere altitude cham- 




airborne services 


If it were permissible to 
It list all of the projecls 
■■in which North Relays 
are sought as components, it 
would conslilute a significant 
testimonial for the know-how 
behind North development. 

The very noture of the air- 
borne and ground-control 
equipment in which our cli- 
ents, including government, 
are using North relays, mokes 
superior development engi- 
neering 0 basic specification. 

Typical of North-developed relays specially suited 
to airborne electronic service is the IR 226, one set 
of specs for which reads like this: 
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to think 
about 


Peace in oiir time depends upon 
plenty of this son of tiling; 

"We uerc given a map." said 
the man liom Martin, "and a 
target to be destroyetl. Problem 
was to produce the haritware — 
the optimum weapons system 
to destroy that target." 

That’s as far as he would go. 
Except to .say this: 



It looks like nothing ever flown 
by man. Pilotless. Can be launched 
Irom a pad of scorched eat tii, 

A team of iMariin scientists and 
engineers in five branches of 
aeronautical engineering produced 
this thing in a matter of months 
irom jjroblem to ]>roving ground. 
Ibduy at Martin an entirely new 
concept, known as Martin Systems 
Engineering, is resulting in the 
production of new airnaft. guided 
missiles anti electronics wcapotis 
designeti not as yesterday's 
flying vehicles but as the 
coordimitcd atui controlled 
spateborne systems of tomorrow. 
The ijrincijslc of Martin Systems 
Engineering now makes possible 
developments in airpower 
that may change the shape of 
things to comc-our wayl 
You'll hear more about Martin. 
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ber is somewhat different and features 
precise control of altitude and tempera- 
ture. The space, about 10 ft. long, four 
feet wide and eight feet liiglt, can be 
cooled from room temperature to — 60F 
in four minutes after a prccooling cycle. 

Pressure altitude and temperature 
control can be planned and coordinated 
through a time-scliedulc controller. 
•All-weather unit is 13 ft. wide, 18 ft. 
long and 10 ft. high. Temperature can 
be set at any point between — lOF and 
160F, and held within about three de- 
grees variation. 

• Ancchoic room is the quietest spot in 
the lab. It is used to studv the effects of 
intense .sound on animals and humans. 
Inside ualls arc lined with a foot and a 
half of Fiberglas faced with I'iberglas 
wedges one foot high and eiglit inches 
square on the base. 

• Vibration table rounds Out tlie list. 
This is a four b\’ three-foot steel plate 
that can be vibrated in three directions 
up to a frequency of 60 cps. 

How It All Began 

Credit for the foundation of a sepa- 
rate medical service for ashation goes to 
the Germans. In 1910 they drew up the 
first set of minimum physical require- 
ments for pilots, and sliorth after estab- 
lished the first aviation meilical service. 

Another German idea was the pro- 
gram of pilot maintenance, based on 
medical rec.^amination at fixed intervals. 
This monitoring kept the physical stand- 
ards of the Imperial German Air Service 
liiglier than aii\- of its contemporaries. 
►IJ. S. Recognition— 'Hie U. S. was well 
into World W'ar I before any formal 
recognition was given to the fact that 
flving demanded a new yardstick for 
physical examinations and requirements. 
In September 1917, aviation medicine 
came into its proper niclie when Gen. 
T, C. Lyster was appointed Chief Sut- 
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f eon, Aviation Section, Signal Corps, 
Initcd States Army. 

► Lab Established— Between wars, the 
awareness of medical problems related 
to the airplane and the new environ- 
ment it imposed on humans came in for 
closer scrutinv bv doctors in uniform. 
One of these. Brig- Gen. Malcolm C. 
Grow, is credited with the idea of found- 
ing a laboratory which would explore 
th^hysical effects of flight. 

Tfirough Gen. Grow's efforts, that 
laborator\' was official!;' established in 
1935 as the Physiological Research 
Unit, Experimental Engineering Sec- 
tion, Equipment Laboratory. 

hirst director of the lab was Capt. 
Harry G. Armstrong, MC— now Surgeon 
General of the Air Foicc-who was 
picked for the spot by Gen. Grow. 

► First Home— Tlierc was some available 
.space in the basement of the Equipment 
ktb which became office and lab for the 
fledgling unit. Free balloons were going 
out of ffishion then, and so a portion of 
the balloon hangar was tiimrf over to 
the unit for installation of a centrifuge. 
These unpretentious facilities were to be 
home-except for a few minor additions 
-until late in 1942. 

The job list grew and so did the per- 
sonnel roster. In 19^9 there were so 
manv different projects that the unit 
name was changed to Aero-Medical 
Research Unit- The next year, a de- 
taclinrent of Medical Department en- 
listed men was activated. 

► New Status— Next change was one of 
status- From a unit, the acro-medical 
people were adxanced to laboratorv 
status, still under the Experimental En- 
gineering Section, and Col. Otis O. 
Benson, Jr., was named chief. 

All this time the lab had been run- 
ning out of space at an ever-increasing 
rate. Brig. Gen. David N. W. Grant, 
then the Air Surgeon, appropriated 
money for construction of a nesv build- 
ing about 10f> bv 50 ft., with three 
stories and a penthouse. This new hous- 
ing for the lab was completed in Novem- 
ber 1942, and all activities, c.xccpt for 
a small group working with altitude 
chambers, moved in. 

More moiicv was forthcoming and 
was plugged into the constniction of a 
human centrifuge and a building to 
house it. In March 1943 the first spins 
were made and. one month later, the 
first human subject whirled through his 
gut-straining merr; -go-round ride. 

That spring, the .\ero-Mcdical lab 
was presented with another responsi- 
bilitv— the development of oxvgcn 
equipment, a job rormerlv assigned to 
the isquipment lab. Lt. Col. W. Ran- 
dolph Lovelace, II, headed the new 
Oxygen Branch, and later that year was 
appointed chief of the entire lab. 
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Dr. H. E. Savely 
Chief. Bio-Phy.sics Branch 


Currently, the lab is set up under the 
Directorate of Research at Wright Air 
Development Center, with Col. Robert 
H, Blount as its chief. 

► Other Groups— There are medical ac- 
tivities in the ,^ir Force apart from those 
carried on here at WADC. The USAF 
School of Aviation Medicine is one of 
these, It was organized to train medical 
personnel in the peculiar requirements 
of aviation medicine, and has a second- 
ary job of long-term and clinical re- 

There are medical organizations also 
at the AF Flight Test Center and at 
Holloman Air Development Center. 
Both sections originated as part of the 
Acro-Medical lab. and were stationed 
in the field because of certain facilities 
available tlicre. They grew to size, and 
were made part of the Center’s activi- 

The Future 

There is still a lot of work to be done. 
Col. Cain pointed out one of the areas— 
highspeed buffeting of aircraft-where 
little is known. There is some feeling 
that this may present problems of 
fatigue and flying ability to pilots, and 
it must be studied. 

Good as the current suits are, work 
still continues on developments. One 
goal: a high-altitude suit for altitude 
protection of several hours’ duration 
above 40,000 ft. Another goal; an all- 
zone flying suit to be worn anvwhere 
pilots have to fly under global warfare. 

Oxygen systems still need perfecting— 
one project is aimed at the development 
of a simplified, lightweight and reliable 
system for the entire group of medium 
and high-altitude aircraft of the future. 

"We have to keep ahead of the field," 
says Cain. "A man’s environment and 
well-being is as important a part of the 
weapons systems as the guns he has to 
fire. Our job is to anticipate future needs 
and keep man on a par «'ith the func- 
tional reliability of the machines he 
flies." 
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Chute Facility Tests Unification 

Testing parachutes is El Centro’s big job; but joint AF- 
Navy operation also tests bow services work together. 


El Centro, Calif.— One of Air Re- 
search and Development Comnrand’s 
most unusual units, the Joint Parachute 
Test Facility, is operated jointly with 
the Navy and does 75% of its work for 
the Army. 

Located just north of the Mexican 
border on a Naval air station 41 ft. 
below sea level, the parachute group 
operates in the sweltering Imperial Val- 
ley area of California, more than 200 ini- 
frbm its parent organization at Edwards 
Al'B. 

Its mission is the development, test- 
ing and evaluation of parachutes and 
related devices. But it is obvious that 
the facility is testing not only para- 
chutes— it is testing unification. 

► Cargo and Men— "We drop cargo and 
men,’’ is the way Col. Leo C. \Ioon. 
one of the two commanding officers of 
the facility, describes activities at the 
test center. He shares responsibility for 
the unit with Naw Cmdr. W'illiam II. 
Shockey. 

Both Air Force and Navy men tum- 
ble from high- and medium-altitude 
aircraft to test equipment which later 
may sayc the lives of fliers in both sen'- 
ices. One Navy nran has made 404 test 
jumps and several of the unit's person- 
nel have jumped as much as eight times 

Majority of the projects, however, in- 


solve less dangerous cargo drops for 
-\nny testing, in which giant 200-ft. 
chutes .sometimes float to earth loads 
as heavy as an 18,000-lb- bulldozer. 

"Give us an airplane big enough,’’ 
says Col. Moon, "and we can drop any- 
thing wc can extract from the plane” 
►Chute Recovery— In addition to test- 
ing personnel parachutes and aerial de- 
livery systems for cargo, the unit also is 
concerned with parachute recover;' sys- 
tems for guided missiles, deceleration 
parachutes for jet aircraft, ejection-seat 
parachute .svstems, and any vertical re- 
tardation dexiees which perform the 
function of a parachute. These latter, 
so-called “roto-fins,’’ have proved largely 
unsuccessful due to bearing problems, 
according to Col. Moon. 

Live jumps ate made in the level des- 
ert oil the Ih S. side of the Mexican 
border, 10-12 mi. from the base, while 
small cargo and dummy drops take 
place on a 40-acre field just outade the 
air station. Heavx' cargo is tested in a 
more remote area and water drops ate 
made into the nearby Salton Sea, largest 
inland bodx' of water in California. 

Both Navy and Air Force aircraft, 
such as R4Ds and C-1 19s. are assigned 
to the unit- 

► Unit Chiefs— Col. Moon commands 
the .Air Force's 6511th Parachute De- 
xelopment Test Group while Cmdr. 
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CARGO CLUS'll.R chutes case the drop of Iicavily loaded pallet in tests at K1 Centro. 


Shocker's group is known as the \a\T 
Parachute Unit (NPU). 

'I'he directive setting up the facilitr' 
cm.inatcd from the Joint Chiefs of Staff. 
Teehnically, tlic unit reports to the 
Defense Department on its «’ork but 
-\RDC is charged with Air Force re- 
sponsibility. Top-levc! reports ate signed 
by botli commanding officers, with one 
copy going to the Defense Department 
through ARDC channels while the other 
readies the same destination througli 
Navy Bu.Acr channels. ARDC projects 
are assigned by the Wriglit Air Develop- 
ment Center. 

The Nar y unit works closely with the 
Bureau of Ordnance on such programs 
as mine-laying by parachute and missile 
parachute work. Projects to test pod 
escape from higli-altitude aircraft also 
are undertaken here. Navy has respon- 
sibility for N'tarine testing while Ait 
Force takes charge of Army projects. 

Certain of the unit's facilities, sudi 
as the instrumentation lab, whirl tower, 
drying tower, packing loft and fabric 
shop, are under Air Force operating 
control while the Navy takes charge of 
the windtunnel, textile lab. madiinc 
shop, metal shop and photo lab. 



WET L.\ND1NG conijilctcs [xirachiite test. 


► Unification in Action— Unification ap- 
pears to work well on what Col. Moon 
calls ‘coordination on a pcrsoiialits’ 
basis.” He and Cmdr. Shockey work 
closely- to administer the facility. 

Minot irritations can flare quickly 
into major disputes in a liot and remote 
location where temperatures as high as 
1 20 deg- force the base to dose down for 
the dav at 2:30 each afternoon (work 
begins at 6 a. m. to take advantage of 
cooler morning hours). Individuals in 
either sendee who do not fit into the 
pattern are transferred quietly. 

The Joint Parachute Test Facility is 
only one of several units on the El Cen- 
tro Naval Auxiliary Air Station. Fleet 
•Air Gunnery Unit (FAGU). for ex- 
ample. operates from the base on a mis- 
sion .similar to that of the Ait Force 
gunnery school at Nellis AFB, Las 
A’egas. 

The Naval base, under the command 
of Capt. Walter E. Premo. Jr., furnishes 
services for the facility including food, 
housing and utilities- Air Force person- 
nel are paid by the NA.AS disfmrsing 
officer, who draws on a special fund. 

Cooperation extends even bes-ond the 
operation of the parachute facility, with 
aircraft from Edwards .AFB occasionally 
flying to El Centro to aid the Navy on 
missions unconcctcd with the parachute 
test work while Navy men sometimes 
assist on unrelated Air Force projects. 

Perhaps the most reiealing sign of 
this inter-service coperation is over the 
entrance to the coffee bar at El Centro. 
It reads: ‘‘Unification Room." 


ARDC Field 
Liasion Offices 

.A national system of field liaison 
offices is operated by tlie Air Research 
and Dc'-elopmcnt Command to coor- 
dinate USAF technical projects and pro- 
gram and scive as a point of contact 
between USAF and persons who re- 
quire technical information from the 
military. 

The 22 field liaison offices in the de- 
velopment field organiz.ntion are admin- 
istered from ARDC headquarters in 
Baltimore, Following is the list of 
-\RDC liaison offices; 

♦ llq., .Air Research & Development Com- 

Dircctoralc of Field Liaison 

Lt. Col. W, R. Beckett 

Baltimore 3, Md. 

Telephone; Lexington 2616 
Ext. 44 or 344 


Washington .Air Force Development Field 
Office 

Room 4943, Main Navy Building 
Lt. Colonel H. A. Orhan 
Washington 25, D. C. 

Telephone: Libettv 56700 

Ext. 63594-62471 


• .Air Force Development Field Representa- 

NAC.A Langley Aeronautical Laboratory 
Langley Air Force Base, \’a. 

Telephone: Hampton 7911 
Ext. 21144 


• .Air Force Development Field Representa- 

Naval Research Laboratory 
.Maj. Edgar Van Rosen 
Wasliington 23, D- C. 

Telephone; Johnson 36600 
Ext. 266 


• .\it Force Development Field Representa- 

-Applicd Physics Laboratory 
The Johns Hopkins University 
Mr. n. C. Beaman 
Silver Spring. Md. 

Telephone: Washinglon-Juniper 97700 
Ext. 10 

Baltimote-Phea 2-1317 
Ext. 10 


• .Air Force Development Field Representa- 
Enginecr Research & Development Lab- 

Capt. Joe Sherman 
Fort flclvoir. A'a. 

Telephone: Temple 67400 
Ext. 34251 


• .Air Force Development Field Representa- 

.Army Field Forces Board No. 1 
Nfaj- J. L. Highl 
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Fort Biagg, N. C, 

Telephone; Fayetteville 72311 
Ext. 38232 


' Air Force Development Field Representa- 
tive 

Naval Ait Test Center 
Maj. I. E. Foley 
Patuxent River, Md, 

Telephone: Great Mills 3111 
Ext. 9179 


• Air Force Development Field Representa- 

Naval Ordnance Laboratory 
Maj. .Archie L. McKay 
saver Spring 19, Md. 

Telephone: Hemlock A7100 
Ext. 210 


■ New York Air Force Development Field 
Office 

346 Broadway 

Lt. Col. Trygve Sandberg 

New Yotk, N. Y, 

Telephone: Rector 28000 

Ext. 486-488-489 


• .Ait Force Development Field Representa- 

Naval Ordnance Test Station 
Maj. I. B. Goudy 
Inyolem 

China Lake. Calif. 

Telephone: Inyokern 82211 
Ext. 71403 


• Air Force Development Field Representa- 

Directorate of Flight Safety Research 
Norton AFB 
Maj. I. D. Kelly 
San Bernardino, Calif. 

Telephone: S. Bernardino 7211 
Ext 5123 


• Air Force Development Field Representa- 

NACA Ames Aeronautical Laboratory 
Maj. D. K. Latham 
Moffett Field, Calif. 

Telephone; Yorkshire 73056 


INDEPENDENT OFFICES 


• Air Force Development Field Represents- 

Armed Services Electro Standards Agency 
Col. T. J. Ice, Jr. 

Fort Monmouth, N. J. 

Telephone: Eatontown 31060 
Ext. 1419-1519 


• Air Force Development Field Representa- 

Signal Corps Engineering Laboratory 
Maj. R. L. Elmendorf 
Fort Monmouth, N. J. 

Telephone: Eatontown 31060 
Ext. 1761-3167 


• Air Force Development Field Represents- 


Nava! Air Development Ci 
Maj. T. J. Rail, Jr. 
Johnsville, Pa. 

Telephone: Hatboro 0700 
Ext. 431 


• Air Force Development Field Representa- 

Massachusetts Institute of Technology 
Division of Industrial Cooperation 
Maj. Carlo N. DeGennaro 
Cambridge, Mass. 

• Los Angeles Air Force Development Field 

Office 

5504 Hollywood Blvd. 

Lt. Col. R. A. Trennert 
Los Angeles 28, Calif, 

Telephone: Hollywood 7-5171 
Holfywood 7-5375 

• Ait Force Development Field Representa- 

tive 

Naval Air Missile Test Center 
Maj. M. E. Baker 
Point Mugu, Calif. 

Telephone: Oxnard 62401 
Ext. 756 


• Air Force Development Field Representa- 

NACA Lewis Flight Propulsion Labora- 
tory 

21000 Brookpark Road 
Maj. H. W. Robbins 
Cleveland 11, Ohio 
Telephone: Orchard 11211 


Air Force Development Field Representa- 
tive 

% Depufy for Operations 
Air Proving Ground Command 
Lt, Col. I- K. Mays 
Eglin AFB, Fla. 

Telephone: Egbn 5171 
Eglin 25174 


• Air Force Development Field Representa- 

.Abetdeen Proving Ground, Md. 

Maj. J. S. Restifo 
Telephone: Aberdeen 1000 
Ext. 2287 


• Air Force Development Field Representa- 

Reseatch & Engineering Command 
Army Chemical Center 
Lt, Col- I. C. Bones 
Edgewood, Md. 

Telephone: Edgeaood 100# 

Ext. 4227 


' Ait Force Development Field Representa- 

Chemical Corps 
Biological Laboratories 
Camp Detrick 
Lt. Col. W. W. Eakins 
Frederick, Md. 

Telephone: Monument 3411 
Ext. 4224 
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Designs That Never Fly 
Play Important AF Role 


A group of designers at Wright Air 
Development Center spends its time 
developing interesting new and radical 
aircraft designs that are never built— 
yet their work is reflected in production 
USAF airplanes of yesterday and today, 
and will be seen in aircraft and missiles 
of tomorrow. 

It is their assignment to crystallize 
new potentials in power, and aero- 
dynamics into designs which will give 
Air Force planners a definite fix on 
which route should be chosen to ac- 
complish the missions planned. Often 
they develop several alternate designs 
for a single mission, and the actual pro- 
duction airplane may combine best 
features of each, or be a compromise. 

Some of the design concepts pictured 
in model form arc very recent, others 
go hack several years. Included are; a 
turboprop light bomber, which looks 
like a relative of the Douglas XB-66 
twin-jet light bomber, an early six-jet 
guppy bomber with common air intakes 
for engines buried in the plane's belly, 
and with common tailpipes; an early all- 
weather turboprop fighter fitted with 
three-blade counter-rotating propellers 
of swept blade design, later obsolcted 
by very thin straight blades; an early 
pantaba.se fighter design with tandem 
rctractible hydro-skis; a recent four-jet 
bomber design, with interesting notched 
sweephack in wing and a recent tailed 
delta fighter concept exploring tlie ad- 
vantages of a conventional tail configu- 
ration with a delta wing. 



NEWS OF THE WEEK 


NEWS DIGEST 

Domestic 

Air Force Secretary- Harold E. Tal- 
bott said last week the U. S. will meet 
its commitments to NATO air power 
strength through this year and 1954 
despite the $5-billion slash made by 
Congress in USAF’s budget. 

North Amcriean RB-45 made the first 
nonstop jet flight across tlic Pacific, fly- 
ing the great circle route Julv 29, 1952, 
from Elinendorf AFB. Alaska, to 
Yokota, Japan, in 9 hr, 50 min., USAF 
disclosed. Maj. Louis II. Carrington, 
pilot of the jet bomber, will be awarded 
the 1952 Mackay trophy for the “most 
meritorious flight” of the year. 

New flight director, designed to sim- 
plify ILS approaches, has been des'el- 
oped by Westinghonse Electric Corp. 
and is being installed on an American 
.Airlines Convair for evaluation. New 
system adds a third pointer to the con- 
ventional ILS cockpit indicator to show 
rate of approach to the localizer beam 

Small buriness firms in the Los An- 
geles area have pooled their efforts bv 
incorporating as United W'estem Manu- 
facturers, Inc., Inglewood. Calif., to 
seek defense contracts in the metal 
trades industry. The companies: Air- 
craft Div., Calnevar. Inc,: Certified 
^Vt■ldt■rs & Engineering Co.; Hartford 
Manufacturing. Inc.; Modem Plating 
Co,; Tclair Engineering, and Tubing 
Appliance Co. 

Pan American World Airways has re- 
placed DC-4s and Constellations with 
DC-6Bs on Latin .American tourist 
flights, cutting an estimated 2i hr. from 
the tin)c on the New Yorfc-Buenos Aires 


Lightplane shipments totaled 511 air- 
craft at a dollar value of 52,596,000 dur- 
ing June, dropping from the previous 
month’s 588 units at $5,455,6oO, ac- 
cording to figures released bv Aircraft 
Industries Assn. 

Automatic ejection scats with tele- 
scoping rails that guide the scat out of 
a cockpit are being installed bv Lock- 
heed Aircraft Corp, in F-94Cs. Tlie new 
device was developed bv Lockheed, 
tested in flight at USAF's Wright Air 
Development Center. 

Civil Aeronautics Administration has 
approved a change in Hamilton Stand- 


ard’s automatic propeller feathering cir- 
cuit that gives a two-second delay 
between cockpit indication and start of 
blade action, allowing the pilot an op- 
portunity to reject reversal. 

John Flobcrg, former Assistant Secre- 
tary of the Navy for Air, has returned to 
the law firm of Kirkland, Fleming, 
Green, Martin, and ElUs as a resident 
W’asliington member. Before entering 
Naval service in M'orld 5\'ar II. Flo- 
bcrg served with the firm at its Chicago 
headquarters. 

Financial 

Lockheed .Aircraft Corp., Burbank, 
Calif., last week reported Super Con- 
stellation sales averaged one every 10 
days during the first half of 1953, push- 
ing the mid-vear commercial backlog to 
a record $1^0 million. 

United Air Lines made net earnings 
of 54,068,416 for the first six months 
of this year, compared with 53,782,565 
for the same period of 1952. Operating 
revenues totaled $83,075,523, a 14% 
increase. 

Northwest Orient Airlines made a 
net profit of 5302.500 from operating 
icvenucs totaling 529.095.000 during 
the first half of 1953, compared with 

net loss of 5525 and revenues of 
524.657,600 for the similar period of 
the previous vear. 

North American Aviation reports a 
June 30 backlog of $1,130,573,807 and 


First flight photo of the initial production- 
model Piper Apache twin-engine four-place 
light transport. It embodies numerous re- 
finements over the prototv pe which has been 
undergoing a vear-and-a-half of flight tests- 
Planc pichircd is of all-metal construction, 
compared with metal and partiallv fabric- 
coveted previous version, Its external lines 


net income after taxes for nine months 
ending that date of $7,990,000. ’I'otal 
sales and other income for the period; 
5460,712,180, 

Tcraco Aircraft Corp., Dallas, re- 
ports net income of $906,342 for the 
first six months of this year, compared 
with $860,223 in the first half of 1952, 
Sales were $27,505,040, a 9.7% in- 

Coutiucutal Air Lines net income 
climbed to $1,040,204 during the first 
half of 1953 from $88,940 for the sanve 
])Criod of last vear. Operating revenues 
were $5,222, 117. compared with $4.- 
900,252. 

M’estem Air Lines reports a net in- 
come of $356,567 for the first half of 
lliis year, dropping from $445,859 for 
the same period of 1952. Operating 
revenues were a record $10,876,332, cut 
into by purchase of a new DC-6B fleet, 
inauguration of a new route and train- 
ing program. 

International 

Three Comet lAs last week began 
flight on .Air France routes to the Near 
and Far East. Carrier has ordered three 
Comet 3s, expects to begin operating 10 
Super Constellations, 1 5 Vickers Vis- 
counts and 12 Brcgiict Deux Fonts this 


Roval Air Force has taken delivery of 
the first of several Prestwick Pioneer 
liaison planes on order. 


nose, engine nacelles and armmd the iabin, 
111 production at Lock Haven. Pa., the Piper 
.Apache is scheduled to sell below 525,000. 
Pow-erpiants are two 150-hp. Lvxximiugs, 
Cruise speed is reported at more than 150 
mph.; one-ciigiiic service ceiling, fullv 
loaded, ill excess of 5.000 ft. 
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Nonsked Battle Brews in Senate 

Commerce committee chairman is expected to favor 
skeds; subcommittee member b^bts five-point plan. 


A clasli over Senate Commerce Sub- 
committee's approach to its review of 
the 1958 Civil Aeronautics Act and its 
administration points to a major battle 
on the nonsked issue on Capitol Hill 
before long. 

In his outline of topics to be cov- 
ered, the subcommittee’s chairman. 
Sen. John Cooper, put down charges of 
Civil .Aeronautics Board discrimination 
against nonscheduled airlines for airing 
before the group, 

► Skeds’ Position— This brought a 
staunch defense of the scheduled air- 
lines’ position from Sen. Edwin John- 
son, subcommittee member. 

Johnson expressed the hope that the 
group “will not be used unwittingly as 
a vehicle to promote selfish interests 
(of nonskeds) rather than the public 

He took issue with Senate Small 
Business Committee’s report (Aviation 
Week Aug. 1, p. 56) laying down a 
five-point program to keep alive a lusty 
nonsked industry and calling on the 
Cooper subcommittee to implement the 
program. He called it “more prop- 
aganda than a calm appraisal of actual 
conditions. . adding that “such a 
course by us could jeopardize our great 
national air transportation system which 
is so vital to our national defense.” 

► Decisive Factors— As a special com- 
mittee, the Senate small business group 
lacks the authority to act on legislation, 
a power the Cooper subcommittee does 

The third Cooper subcommittee 
member, Sen. Dwight Griswold, has 
given no indication of his position, 
which could be decisive in the three- 
man group. 

Another factor that may influence 
the outcome is the switch in chairman- 
ship of the full committee; Sen. John 
Bncker has taken over the reins from 
recently deceased Sen. Charles Tobey, 
who appointed the Cooper subcom- 
mittee and indicated sympathy for the 
nonskeds' case. Although Bricker has 
not actively participated in aviation mat- 
ters so fat, he is expected to lean in 
favor of the scheduled airline industry's 
position. 

Meanwhile, Air Transport Assn.’s 
president, Vice Adm. Emory Land, pro- 
tested that if the Small Business Com- 
mittee's program were ever adopted “wc 
would have two scheduled airline svs- 
tems in the U. S„ each operating under 
different sets of rules.” 

► Subcommittee Approach— Here are 
highlights of Cooper’s outline of the 
approach of his subcommittee: 


• Dcflne the public’s interest in air 
transportation as it looks in 1953, ob- 
taining the views of leading economists, 
political scientists and industry repre- 
sentatives. 

• Determine how monopolistic and 
competitive practices manifest them- 
selves in the airline industry and how 
the public is affected. 

■ Consider the extent to which the 
spirit and intent of the 1938 CAA act 
has been and is being "energetically 
and creatively fostered” by CAB. 

• Propose measures for the future that 
will strengthen the air transportation 
system in the passenger and cargo fields 
of domestic and international opera- 

• Consider the fundamental issue of the 
right of entry of new companies into 
the field. 

• Consider airline profits and subsidies 
and the level of passenger fares and 

► Critical Reply— Johnson’s reply, skep- 
tical of the Cooper agenda, criticized 
nonskeds for their "relatively poor safety 
record,” Civil Aeronautics .Administra- 
tion for its “shameful failure” to en- 
force nonsked safety standards, and 
prodded CAB to enforce regulations 
against regular operations by nonskeds. 
“The recent slaughter of troops in 


nonsked accidents has shocked the na- 
tion,” Johnson declared. “So far this 
year the nonskeds have had. altogether, 
four fatal accidents and killed 122 pas- 
sengers.” Over the five years from 1948 
to 1952, he said, "the nonskeds killed 
over seven times as many passengers 
pet passenger mile as did our certificated 
domestic and international carriers, com- 

He urged that the subcommittee take 
action along these lines: 
a CAB should either put an end to all 
nonsked route-type operations or define 
new legal limitations for a type of 
operation that is economically feasible. 

"Havoc reigns because a small vocal 
part of the ait transport industry is un- 
regulated and submits to no economic 
restraint.” 

a "The nonskeds’ record of continuous 
overloading of planes, inadequate main- 
tenance, untrained and over-worked 
pilots and disregard of prudent dispatch- 
ing procedures is well known to the 
C.AA,” whose present method of "spot” 
inspection is "entirely inadequate.” 

The imposition of civil penalties for 
serious violations are "a mere slap on 
the wrist.” 

a Too many nonskeds operate on "a 
shoestring” with “insecure financing.” 

“1 cannot see how anyone can find 
these carriers ‘fit, willing and able' to 
receive a governmental operating author- 
ity to transport military personnel. The 
responsibility of the nonskeds to carry 
the public with the highest practical 
degree of care should not be overlooked 
by the subcommittee either.” 
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Stockholders Appro%e 
Tiger-Slick Merger 

Merger of I-'lying Tiger Line and 
Slick Ainvays cainc a step nearer last 
week after a ncnrl\’ iinaiiiiiioiis vote of 
approval by stockholders of the two 
air cargo carriers. 

Onlv hurdle still to be cleared is 
Civil Aeronautics Board approval, 

CAB staff considers advisability of 
the merger a "close question" from a 
public policy standpoint, plans to state 
its position for or against the merger 
in a brief to the Board's trial examiner 
this month. 

The examiner wQ! make an inde- 
pendent recommendation shortly there- 
after. and the full Board is expected 
to nile after hearing oral arguments 
this autumn. 

Riddle Quits ATA’s 
Military Traffic Group 

Reorganized Riddle Airlines has 
switched its military traffic agenev rep- 
resentation from Air Transport Assn, 
to Independent Military Air Transport 

Riddle retained membership with 
ATA on normal association matters, 
liowever. 

New management took over the 
scheduled airfreight line last month 
fAvuTiON Week Aug. 3. p. 13), and 
Paul Weesner bought 20% interest in 
the company. Weesner is maintaining 
a silent-investor position, however. He 
has no ofSce in the company and is not 
a member of Riddle's new board of 
directors. 

President William Bosd plans to 
boost scheduled airfreight service and 
generally operate military contract 
flights with equipment that otherwise 
would he idle. 

The company has raised an estimated 
5500.000 in new funds to restore a 
normal working capital position, ac- 
cording to reports, 

Ted Wells Leaves 
Beech Aircraft 

Ted A. Wells, vice president and 
chief engineer of Beech Aircraft Corp. 
since its organization in 1952 and for 
ses'eral years a director of the com- 
oans', resigned last sveek, Raloh Har- 
mon. Beech's assistant chief engineer, 
who had been with the commnv since 
carlv in World War If. also resigned 

T. D. Neclands. fr., another Beech 
dircefAr resigned bte lT=t monfs. 

W'eDs and Neclands were among the 
oldest too brass in ooint nf sen''ce at 
Bee'-li. Both assisted the late Walter 
H. Beech in organizing the corporation. 


Beech told Avuuon Week no other 
changes are expected in the company 
management, that successors to Wells 
and Harmon will bo announced later. 

Officials reported employment at the 
Beech plant liad dropped from a high 
of 1 3.500 last December to 7,500 earlv 
this month, following cancelation of 
the USAF T-36 program, in which 
Beech had a SlOO-million production 
contract. 

ANDB Orders Civil 
Radar Beacon System 

Air Navigation Development Board 
has launched a program to develop a 
new radar transponder beacon system 
for civil aircraft, a plan designed as a 
stop toward a common navigation net- 
work for military and civilian flight. 

Tlie proposed 1,000-mc. system, pre- 
dicted by Aviation Week {Mar. 30, 
p. II), will be developed to work with 


the military system used to identify air- 
craft on terminal area radar scopes, 

► Tests in 1954— First experimental 
units of the new system are expected to 
be tested early next year. 

The beacons are small receiver/trans- 
mitters that reply to ground radars by 
transmitting a coded signal identifying 
the aircraft and providing a strong 
"echo." 

► Frequency Shift— Previous -ANDB 
radar beacons, which never got beyond 
the ^erimental stage, involved only 
an airborne unit triggered by radar 
energy from the ground-based air sur- 
veillance radars (operating at 3,000 me.). 

The new system involves not only a 
shift in frequency to 1,000 me. but 
will requite a special 1,000-mc, ground 
interrogator and receiver. 

Navy’s Bureaus of Ships and Aero- 
nautics have been designated by ANDB 
to des'elop the ground-based and air- 
borne portions of the new beacon sys- 



NAA TESTS SAPPHIRE-POWERED FLRY 


A prototype of the new North American 
FJ-3 Fury— an FJ-2 modified to take the 


Wr%ht J65 Sapphire turbo|et-rcccnfly com- 
pleted its initial flight tests at Port Colum- 
bus. Ohio. First views of pbne ace shown. 
Described as heavier, slightly larger and 
faster than the earlier GE J47-pnwcted FJ-2, 
the newer FJ-3 model is expected to have a 
top speed of approximately 700 niph. Most 


noticsable external difference over tlie FJ-2 
is the revised no.se intake for the larger Sap- 
phire engine. Internal changes include an 
improved gunsight far its four 20-mm. can- 
non and new-type navigation eqiripment. 
The FJ-3 is in prelimmary production stages 
at North American's Columbus. Ohio, plant. 
It is one of several Naw aircraft, including 
a nciv Grumman job, taking the J65. 
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EDDIK RICKENBACKER (seated lelt) discusses Eastern Air Lines affairs witli the car- 
rier's new president, lliomas F, Armstrong (seated right). Standing arc Sidney L. Shannon, 
vice pccsident-opeiations (left) and Paul H. Biattain, first vice president, 

Eastern Names New President 


Capt. Eddie Rickenbacker. president 
of Eastern Air Lines for the past 13 
years, has turned that post over to 
Thomas F. Armstrong, EAL's former 
treasurer and secretary, in a surprise 
shift of the carrier’s management. 

Rickenbacker was elected chairman 
of the board and keeps his position as 
chief executive and general manager. 

► Jet Planning- He said at a press con- 
ference he hoped the top-level switch 
and other changes would give him more 
time for policy matters and long-range 
planning. 

Jet transports are coming inevitably, 
lie said, and the "hard, realistic" think- 
ing about them has to be done now, 
And "economic readjustments’’ are on 
the horizon— "We have to Icam to sell 
and merchandise again.” 

► Top Team— Armstrong, who joined 
the company in 1928 as an apprentice 
bookkeeper, has been secretary and 
treasurer since 1938 and a director since 
1940. Thomas E. Creighton, formerly 
assistant secretary, succeeds him as 
treasurer and becomes a member of the 
board. Floyd Farley, who was assistant 
treasurer, was elects secretary. 

They will be part of a “top manage- 
ment” team of a dozen men, Ricken- 
backer said. 

► Guided Judgment— Rickenbacker ex- 
plained that one purpose of the changes 
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was “to get young men on the job 
where thi^ can carry the load and re- 
sponsibility,” but Eastern’s "oldtimers" 
□re staying on the job and the younger 
men will have "opportunity to exercise 
judgment but with guidance.” 

Armstrong is 51 years old, Creighton 
40 and Farley 47. Rickenbacker said 
he would be 63 in October, 

Towers Heads FSF 

Adm. John II. Towers (USN Ret.), 
often described as the “principal archi- 
tect of Naval aviation,” has been 
elected president of Flight Safety Foun- 
dation, Inc., FSF managing director 
Jerome Lederer announced last week. 

The admiral will take over organiza- 
tional planning, finance and public re- 
lations, freeing Lederer to devote full 
time to the “promotion of ever greater 
safety in aviation.” 

The first Naval aviator to reach the 
rank of admiral, Towers was chief of 
the Bureau of Aeronautics in 1939, be- 
came commander of Naval and Marine 
forces in the Far East during the final 
part of World War IT, and was chair- 
man of Navy’s now-defunct General 
Board shortly before his retirement in 
1947. He is a former vice president of 
Pan American World Airways and pres- 
ently is a PAA consultant. 


Comet Ban 

* U. S. ambassador steps 
into RCAF-NATCC fight. 

* Says New York should 
allow occasional landing. 

International diplomacy has entered 
the National Air Transport Coordinat- 
ing Committee's current fight (Avia- 
tion W'eek July 20, p. 14) to pnohibit 
Royal Canadian Air Force Comets 
from landing at New York’s Idlewild 
Intemational Airport and other com- 
mercial fields in the area. 

R. Douglas Stuart, U. S. ambassador 
at Ottawa, has written C. R. Smith, 
chairman of NATCC’s executive com- 
mittee and American Airlines president, 
that he hopes the group “will find it 
pos.sible to permit the Comet to land 
at commercial airports on an occasional 
and infrequent basis." 

Stuart said the U. S. embassy at Ot- 
tawa will face difficulties "if it should 
become necessary for the RCAF to 
request a clearance into New York for 
the Comet on behalf of tlie Minister of 
National Defense or an official of equiv- 
.ilent rank.” 

"It would be embarrassing,” he said, 
"if such a clearance were refused when 
tlie aircraft in question is flying on 
commercial routes in many areas of the 
world.” 

Miss E, Claire Wilson. U, S. em- 
bassy civil air attache, has discussed 
tlie Comet problem with the RCAF 
"on several occasions,” the ambassador 
wrote, "and they have to date refrained 
from operations into La Guardia and 
Idlesvild 

However, he added, “the RCAF Air 
Transport Command is naturally anx- 
ious to proceed as soon as possible with 
the program tliey have established for 
this aircraft.” 

The Comet dispute began early in 
June when Air Commodore R. C. Rip- 
Icy, chief of RCAF’s Air Transport 
Command, asked the Port of New Ifork 
Authority for permission to operate the 
Comet into Idlewild Airport on an in- 
termittent basis. At the same time, he 
asked and received Civil Aeronautics 
Administration approval to land a 
Comet at Washington National Aic- 

Port of New Y’ork Authority, how- 
ever, turned for guidance to NATCC, 
later informed Ripley it would prefer 
that he not operate into Idlewild but 
land at a military field. 

Smith said the different noise char- 
acteristics of a multi-jet transport would 
provide “fresh ammunition” to groups 
trying to close the airports. 

In view of PNYA’s refusal, the 
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Canadian Comet was flown to Mitchel 
AFB on Long Island after a stop at 
Washington July 8 and returned to 
Ottawa the following day. 

Purpose of the Canadian Comet 
flights to this country, according to Air 
Commodore Ripley, is in the interest 
of joint security of the North American 
continent and as a means of transport- 
ing Canadian chiefs of state and other 
personages to and from the U.S. 

Chase Reorganization 
Deadline Is Aug. 31. 

Deadline for acceptance of one of 
two alternate plans tor reorganization 
of Chase Aircraft Corp. has been set for 
Aug. 31, informed sources reported last 

The alternatives; 

• Kaiser Motor Coip. will put $1,750,- 
000 on deposit at Chase National Bank 
in New York to form a new corporation 
with Michael Stroukoff holding all the 
stock. In exchange, he will surrender his 
51% control of Chase. 

The new corporation will have all the 
rights to Chase designs, Chase research 
and development contracts, its leases at 
Mercer County, N. J., Airport, and the 
right to purchase at hook value all 
equipment of the present Chase com- 
pany. Kaiser, for its deposit, will receive 
all rights to the C-I23 assault transport 
and the Chase name. 

• If the Kaiser deposit is not made on 
or before Aug. 31. tire second plan will 
be followed. This provides for a reor- 
ganization of the Chase board of direc- 
tors, with Stroukoff getting five of the 
nine-memher board so he has effective 
control of the operating policies. 

Kaiser now holds 49% of the Chase 
stock. It is understood that a prelim- 
inary agreement, providing that one of 
the two reorganization plans will be 
followed, already has b^n signed by 
Stroukoff and Kaiser representatives. 
(Other details of (he proposed transac- 
tion appeared in Aviation Week Aug. 
10, p. 19), 

Army Orders First 
Production Firebee 

Los Angeles— U. S. Army has placed 
the Brst production order for Ryan 
Aeronautical Co.'s jet-powered target 
plane, the Firebee. 

Official designation will be XM-21, 
the Los Angeles Ordnance District re- 
vealed last week in announcing the con- 
tract. 

► Fighter Pertormance— The Army an- 
nouncement said the highspeed Fire- 
bee will be used in training units in the 
anti-aircraft operation of the Sky- 
sweeper gun, the Nike and "other 
guided missiles,” 


The XM-21 will maneuver at vary- 
ing speeds and altitudes over anti-air- 
craft installations to simulate invading 
enemy aircraft. Ryan claims perform- 
ance of the target aircraft, powered by 
a Fairchild J44 jet engine, approaches 
that of the F-86 jet fighter. 

Army will ground launch the XM-21 
with the aid of Rato (rocket assist take- 
oS) unit and a launching track. Rato 
is jettisoned after takeoff of the pilotless 
target plane. 

► First Contract— Although develop- 
ment contract for the Firebee was 
under the joint auspices of the Army, 
Navy and Air Force, the Army con- 
tract is the first to be announced for the 
target aircraft. 

The Firebee, with sweptback wings 
and tail surfaces, is approximately 18 
ft. long with a 12-ft. span. Weight is 
estimated at 1,800 lb. A two.stage para- 
chute recovery system is designed to 
lower the aircraft without damage after 
each flight. 

MIT Engineer Wins 
Aviation Week Award 

Massachusetts Institute of Technol- 
ogy has announced award of the 1953-54 
Aviation Week Fellowship in aeronau- 
tical engineering to Robert Roy Piper 
of Princeton, N. J. 

The awari made annually since Sep- 
tember 1950, carries a stipend of 
$1,800 and goes to a student enrolled 
for an advanced degree in MIT's de- 
partment of aeronautical engineering. 
Funds are provided through Robert W. 


Artist’s conception of how tri.motor modifi- 
cation of prewar Kellett KD-IB will look. 
Croft is being rebuilt by the original maker 
under a Navy contract to gather converti- 
plane data (Aviation Week Aug. 10, p. 20). 
Two 140-hp. Lycomings and wings are to 
be added to the craft, also a new rotor 
power drive, Nose engine, a 225-hp, Jacobs, 
is being retained. Fli^t tests will check 


Martin, publisher of Aviation Week. 

Piper, who entered MIT in the fall 
of 1949, is a member of the honors 
group of aeronautical engineering stu- 
dents and the student chapter of the 
Institute of the -Aeronautical Sciences- 

CAB Crash Report 
Blames Controller 

A double misunderstanding of radio 
messages— between a pilot and a Civil 
Aeronautics Administration traffic con- 
troller-contributed to the crash of a 
C-46 Apr. 3 near Selleck, Wash., the 
revised opinion of Civil Aeronautics 
Board investigators reveals. 

Preliminary field reports to CAB of- 
ficials in Washington previously placed 
the blame solely on the pilot (Aviation 
Week Aug. 3, p. 52). 

Two survivM and two were killed 
when the American Air Transport plane 
hit a mountain range while approach- 
ing Seattle from Cheyenne. 

Traffic control cleared the transport 
to cross the Hobart fan maker at 8,000 
ft., then cross over to Seattle at or above 
4,000 ft. 

Tape recording of the subsequent 
radio transmissions: 

• Pilot; "Roger, this, uh, nine three 
metro is cleared to, uh, Hobart— to— 
cross there four thousand or above— 
the range station, ah, four thousand 
we're to report to you at, uh, Hobart, 

• Controller: "Negative, report Hobart 
to Seattle appioadi control." 

(Continued on page 425) 


theories about unloading hcbcopter rotors 
and transferring loads to the wings. When 
completed the modified KD-IB will weigh 
approximately 3,400 Ib. This Autogiro was 
used by Eastern Air Lines in 1939 on the 
first r^larly scheduled rooftop lotaiy-wing 
airmail route between Camden (N. J.) Air- 
port and the rooftop of Philadelphia post 
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Nickel Cadmium Batteries are built 
for many years of low-cost service 

You can leave a Nicad battery in any state 
of charge, for long periods without attention 
— or fear of deterioration. 

Ruggedly built of nickel-plated steel, Nicad 
batteries combine great mechanical strength 
with low internal resistance. They will stand 
up under severe service conditions, eliminat- 
ing such common battery troubles as noxious 
fumes, corrosive spray, damage due to over- 
charge, plate breakage and deterioration of 
separators. Using very little water, their simple, 
inexpensive maintenance pays for their first 
cost many times over. 

Specify Nicad Batteries For: 

Airport emergency lighting . . . Control 
tower consoles . . . Continuous power units 
. , , Engine starting . . . Micro-wave and tele- 
phone systems . . . Radar equipment . . . 
Switchgear and substation operation. 

Nickel Cadmium Battery Corporation 
100 Park Avenue, New York 17, N. Y. 

PJaiil, Easihiimpioii, Massachustils 
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ALUMINUM 


MAGNESIUM 


STAINLESS STEEL 


BENSON MANUFACTURERS 

Propeller Spinner Equipment — Turbojet and Gas Turbine Engine 
Components — Gasoline ond Oil Tonks — Deep Drawn Magnesium 
Shells and Dip Brazed Aluminum Parts and Assemblies — 
Wing and Fuselage Sections — Cowlings — Galley 
Equipment 

ARMY-NAVY 

COMMERCIAL AIRCRAFT 

and 

GUIDED MISSILES 
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ENG1NECRJNG DEPT, equipped with complete 
library, reproduction drawing equipment, and 
staffed with mechonical ond technical engineers 
with extensive knowledge and thoroughly experi- 
enced with bosic procedure in development ond 
perfecting the complete product for its particular 
purpose, 

LABORATORY complete with chemical and physi- 
col opparotus for Miscroscopic ond Metollurgicol 
exominotion, X-Roy equipment for examination ot 
welds up to two inches in aluminum, equipment to 
determine electrical resistance of metal surfaces, 
mognoflux equipment, Rockwell hordness testing 
equipment, P. H. meters for chemicol tests. Pyrom- 
eters and oli necessory equipment for exominotion 
of metal materials in process of monufocture and 
staffed with Chemists and Metollurgists with ex- 
tensive experience 

MACHINE TOOL DIVISION equipped with engine 
and mochine lothes, turret lathes, milling machines, 
boring mills, shapers, grinders, tapping machines, 
power saws, hordening furnoces, and radiois drills. 

HYDRAULIC PRESS DEPT, equipped with presses 
with 200-ton to 1000-ton copocitv to produce 
formed ports measuring up to 6 feet wide and 12 
feet long. 

MECHANICAL PRESS DEPT, equipped with IS 
punch presses ranging up to 1 00-ton capacity. 

SPINNING DEPT, equipped with electric anneoling 
furnoces and 23 spinning mochines with capacity 
up to 60 inches in diameter, 

SHEET METAL DEPT, equipped with 1 2-foot power 
rolls, 12-foot power brakes, 12-foot power shears, 
routing mochines, nibbling machines, power sows, 
□ nd drill presses. 

WELDING DIVISION equipped with Inert Shielded 
Argon Welding Equipment, electric spot welders. 


electric seam welders, electric flosh butt welder, 
heliarch welders, electric are welders, otomlc hydro- 
gen welders, and ocetylene gas welders. 

DIP BRAZING complete with fumoce and quench- 
ing focilitles, con dip braze aluminum assemblies 
up to 54" X 54" X 36". Focility is rapid ond 
eliminates machining of ony port after brozing 
for odditional hardness If required furnaces ore 
availoble for aging; dip-brozing is used for con- 
version of cost housings, eliminotion of porosity, 
by the use of formed or drown sheet oluminum 
housings. 

HEAT TREATING FURNACE— Lindbergh electric 
heot treating furnaces eoch with 600 Cubic Foot 
Capacity, equipped complete with automatic con- 
trols and quenching boths. 

AGING FURNACES— Lindbergh electric oging fur- 
noces equipped with modern automatic controls; 
each furnace hos 600 cubic foot capacltv- 

FOUNDRY — Associate, equipped with oil fired 
furnoces, from rail, crane, automatic molding mo- 
chines, sandbiosting machines, producing costings 
from one ounce to five hundred pounds. 

PLATING DEPT. — complete with equipment for 
cadmium plating steel ond iron costings ond ma- 

FINISHIN6 DIVISION — Anodizing, chromatlzing, 
alumilite, enomeling and plating plant eauipped 
with tram roil system — 4000-gollon tonks, heot 
exchangers for automatic control laboratory moin- 
talned by expert electrochemists, testing tonks, 
woter wash enamel department, chemical dip 
tanks, drying furnoce and omple electric power, 

SHIPPING — Crate ond box making deportment 
equipped with complete wood working equipment 
and large dock facilities for convenient looding and 
transportotion, 


MANUFACTURING CO. 


NEW YORK 


KANSAS CITY 





REMEMBER THE SMOKE ? 
IT’S BEEN TAKEN AWAY!! 


The new, smokeless 15KS-1000 JATO — now in mass 
production — is proof of Aerojet-General's ability to 
conduct basic and applied research for the improve- 
ment of rocket power plonts. 

The background and accumuloted knowledge 
of the Aerojet-General research, development, 
and production staffs have established their 
leadership for the further development and 
determination of future opplicotions of 
SOCKET POWER. . 

• Liquid Propellant Rockets 
• Missiles, Boosters, ond Components 
• Specialized Avionics 
• Auxiliary Power Units end 
Gas Generators 


• Architect-Engineer Services 

CORI>OK.lTIO> 

A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 


( 


f tmi \ 
GENERAL 
V TIRE j 


AZUSA, CAIIFORNIA • SAC8AMENTO, CALIFORNIA • CINCINNATI. OHIO • MARION. INDIANA 
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(Continued from page 420) 

Thus, although the transcription re- 
veals that the pilot said, “cleared to, uh, 
Hobart . . . tour thousand - . the 
controller said he licard only a three to 
four second pause in place of “Hobart" 
and therefore thought the query referred 
only to whom to report next. 

Static and outside noise, including 
four other radio receivers near the con- 
troller’s ear, may have caused oblitera- 
tion of words, according to testimony 
on this case by Carl F. Kusrow, district 
supervisor of the facilities operation 
branch of the CAA in Seattle. 

Colonial Profit Cuts 
Need for Subsidy 

Colonial Airlines last week res’ealed it 
has reduced its subsidy need to less than 
one-tenth of last year's requirement to 
break even after compensatory mail pay. 
Colonial earned a $375,000 net profit 
the first half of this year, compared with 
a $200,000 loss a year ago. 

Meanwhile, rivals Eastern and Na- 
tional Airlines await decision of the 
President on whether either or neither 
should be approved for purchase of 
Colonial (Aviation Week Aug- 10, p. 
55). Colonial’s rapidly improving finan- 
cial independence is taking some of the 
urgency out of the merger question. 

► Subsidy Halved— Colonial reported its 
subsidy need to break even dropped 
from $816,000 the first half of last year 
to $77,000 this year— after compensa- 
tion for cost of hauling the mail. Over- 
all subsidy, including profit element, 
was cut in half. 

Colonial’s net working capital, after 
purchase of a Douglas DC-4 for $640,- 
000 and other capital expenditures, was 
$554,000 June 30. compared with 
$918,000 a year ago. 

June 30 capitalization was $1,570,- 
000 cqiiitT and no long-term debt. Net 
worth thus increased about $380,000 
from last veat's equity of SI, 191. 000. 

► Break Even- Before receiving non- 
subsidv compensation for carrying mail, 
Colonial reports break-even need of 
S170.000 the first half of this year. Com- 
pensatory mail rate would yield about 
$93,000. This leaves non-subsidv de- 
ficit of $77,000. First half year usually 
is Colonial's poorer season. Second half 
business generally is better. 

► Sales Gain— Commercial revenues in- 
creased 51% the first half of this year- 
from $2,658,000 a vear ago to 54,037,- 
000. Bermuda traffic gained 63% and 
domestic passengers 45%. 

► Management— New management poli- 
cies include; 

• Sales techniques, including confirm- 
ing reservations over scheduled capacity, 
then running extra sections to take the 
balance, "rhis includes the unorthodox 
procedure of sometimes running all 
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Aviation’s Women 

Every week almost 135,000 
women pocket an Sll-niillion slice 
of the U. S. aircraft manufacturing 
industries’ payroll, says the Aircraft 
Industries Assn. Yet this is only a 
part of the economic role aviation 
plays in the lives of American 
women today. An additional 

20.000 women are working for 
America’s scheduled airlines; an- 
otlier 18,000 are serving in aviation 
with USAF, Navy and Marines. 

3.000 as fliglit nurses. Uncounted 
thousands more are employed by 
aiqjort operators, federal aviation 
agencies, aircraft contractors and 
suppliers and air travel agencies. 


planes at once, with no spares. Traffic 
vice president Robert Hernstein says the 
airline serves thousands more persons 
this wav tlian by operating set sched- 
ules wirii spare pfanes standing by. Plan 
seldom cau.ses a flight canedation, he 

• Night aircoacli, designated "Owl” 
service, is patterned after Capital’s 
original “Night Hawk” that blazed the 
coach trail for other scheduled airlines. 

• Leasing Constellations for the Ber- 
muda run has improved Colonial’s rev- 
enues and competitive position with 
Pan American and BOAC. 

U. S. Forces ICAO 
Budget Cutback 

(McGraw-Hill World Nnvs) 
BriglLtoD, England— The seventh ses- 
sion of the International Civil Aviation 
Organization closed last montli and the 
U. S. delegates could count at least two 
major objectives achieved: 

• Budget cut of almost $300,000 was 


pushed through under strong U. S. pres- 
sure. Most of the money was saved by 
permitting ICAO to draw on its finan- 
cial reserves. The 60 member states will 
still contribute $2.5 million this year, 
a little more than 25% coming from 
the U. S. 

• Limiting ICAO's activities where they 
allegedly encroach upon the province of 
industry or operators (Aviation Week 
J une 29, p, 67). 

The conference also accepted Japan’s 
application for membership, making 
iCAO the first United Nations agency 
on which this country is represent^, 

► Other News-Otlier developments at 
the seventh session: 

• Multilateral agreement on commer- 
cial rights, a perennial target in the 
assembly, was stalled again this year by 
the U. §- on the grounds that codifica- 
tion of regional commercial rights of 
operators miglit work to the disadvan- 
tage of trunklines. The assembly ap- 
proved a request from the Council of 
Europe that a conference be convened 
bv ICAO “to coordinate and improve 
F.uropean air transport.” 

• Defiuition of nonsked rights, also op- 
posed by the U. S., was defeated. 
ICAO’s Council was directed to study 
the problem, especially to see how char- 
ter operations could be distinguished 
from regular services. U. S. held the 
view tliat it is too early to expect uni- 
versal freedom for nonskeds. 

• Factual report on charges levied on 
operators for use of airports and radio 
facilities svas ordered. Tnis report is to 
be forwarded to member governments 
to enable them reasonably to judge 
claims made by airport and aircraft oper- 

• More emphasis no implementing al- 
ready accepted ICAO standards was 
called for in an assembly resolution. An 
exception is the ICAO .Airworthiness 
Standard, which is not binding on any- 



Aitist’s concqsb'on of the new Faiiey Roto- 
dyne convettiplene ordered by the Miotsrty 
of Supply to meet requirements of British 
European Airways for a la^e intercity 


coach-type lotorcraft. Designed to cany 40- 
50 passengers, the Rotodyne will be powered 
by Napier Eland tnrboprops and have jet- 
driven four-blade rotors. 
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spray Dusters Build 
Agriculture Plane 

A neu' specialized agricultural air- 
plane-capable of carrying more tlian 
^0 cu, ft, of spray, dust, seed or fertilizer 
—is under construction at Yakima 
(Wash.) Municipal Airport. The pro- 
totype is scheduled to make its first 
fliglit in October. 

Specifications for the new craft, 
named the Air Tractor, were laid down 
by Central Aircraft, Inc., of Yakima, 
one of the country's largest spray-dust 
contractors. Engineering was done by 
1-ainson Aircraft Co., Seattle. 

In configuration, the Ait Tractor is 
an equal-span twin-bay staggered bi- 
plane. Upper surfaces, of gull-wing 
design, taper sharply at the center sec- 
tion- Upper and lower surfaces are 
fitted with end-plates. Landing gear 
is conventional type with tail wheel. 
Noteworthy features of the plane in- 

• All wing panels and ail control sur- 
faces are intcrcliangeable. 

• Rear of fuselage, from behind the 
cockpit to the tail tip is uncovered to 
permit easy cleaning of the agricul- 
tural chemicals- 

• Automotive parts arc used where pos- 

• No instnimentation is inside the 


The first Ait Tractor is to be pow- 
ered by a single 450-hp. Pratt & Whit- 
ney Wasp Jr. Lighter models, with 220- 
lip. and 300-hp. engines, arc to be 
flown later. 

Central plans to sell tlic aircraft 
minus engines. Customers will be able 
to send their own powerpiants to the 
company for installation in a standard 
Air Tractor airframc. 

Ace Boosts F-86F 

(McGraw-Hill World Nervs) 

Tokyo-'The North American F-86F 
Sabre is a far better fighting plane tlian 
the preceding A and E models and 
mote than a match for Jkussia’s MiG- 
15. USAF jet ace Maj. James W. 
Jabara told Aviation Week prior to 
retiuning to the U. S. 

Jabara said the F-86F has a higher 
ceiling than earlier Sabres, more speed 
and better pressurization, defrosting 
equipment and improved oxygen sup- 
ply. 

Up to -lO.OOO ft., the nerv Sabre 
outperforms tlie MiG in every category 
but climb, where the MiG retains a 
slight edge. Tlic enemy jet also has a 
slightlv higher operational ceiling, but 
this advantage has been cut by ap- 
proximately 5.000 ft. 'lire more power- 
ful General Electric J-17 engine in the 
later Sabre permits it to overtake and 


emtstrip tire .MiG, Jabara said. 

The triple jet ace also made these 

■ Radar gunsight is indispensable for 
highspeed combat. Improvements, es- 
pecially those developed bv Project 
Jaybird (Aviation Week hiat. 2, p. 
HO), eliminated objections Jabara had 
towards the device at the end of his 
first tour of duty in 1951. 

• Emergency syrtems pay off and should 
not be eliminated. 


More B-52s? 

Air Force officials arc still mus- 
ing over President Eisenhower's re- 

E orted comment when he inspected 
oeing’s eight-jet B-52 while in 
Seattle for the Governors’ Confer- 
eoce recently. 

The President turned to Boeing 
president U'illiam M. .Allen and 

"Well, I alwavs sec something 
new when I come here.” 

"New-'.irid expensive.” inter- 
jected Treasury Secretary George 
Humphrey. 

"That's just like a Secretary of 
the Treasury,” the President re- 
plied with a smile- “George, order 
several hundred of them." 



A new advance in automatic data reduction . . . 


thiTELEDUCER 

Automatically converts voltage 
into decimal digits... mf/i. acorracj/ 



It offers these 
important advantages: 

!S 0.1% 3> 




Teleducer 


Record-Reading Devices 
Analog Comiiuter Output 

Pressure Measuring Elements The Teleducer also serves as a general purpose 

precision recording laboratory voltmeter. 


Punched Cards 
Electric Typewriter 
Magnetic Tape 
Punched Tape 


TELERUCER Technical Bulletin 104 and Technical Bulletins lOE and 107, 
giving specifications on the Progrem Unit and Electric Typewriter, will be 
mailed you upon repuest. Coupon below Is for your convenience. 


Turn hours into minutes 
with automatic data reduction 


TELECOMPUTING 


CORPORATION 


Mr. Preston W. Simms, Dept. AW-8 
Telecomputing Corporation, Burbanli, California 
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SCHULZ 


Conponents 


PRECISION and SKILL 
in the fabrication of 


and Assemblies 
for Jet Aircraft 


SCHULZ Tool and MFC. Co. 
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mimiaturb 

COMMECTORS 


MINIATURE Type "M” 



EMPlOYED IN 
MANY ADVANCED 
QUALITY DESIGNS 

AIRBORNE 

ELECTRONICS 

EQUIPMENT 

MINIATUKIZATION 



REQUIREMENTS 



MINIATURE RECTANGULAR 
Type "MRE" 



WINCHESTER PRODUCTS 



AND WINCHESTER DESIGNS 

HERMETIC 

i 

ARE AVAILABLE ONLY FRDM 

MINIATURE 
RECTANGULAR iSf^ 


WINCHESTER ELECTRONICS 

PLUG 49^ 


INCORPORATED 

Type "HMRE" iSff 


MINIATURE INSERT in 





WINCHESTER 

ELECTRONICS 

INCORPORATED 
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SEARCHLIGHT SECTION 





Dallas, 
Texas 

OFFERS 

ENGINEERS 

and OTHER TECHNICAL PERSONNEL 

GOOD POSITIONS IN 



AERODYNAMICS I CONTROLS 

ARMAMENT I STRUCTURES 

LOFTING I FLIGHT TEST 

ELECTRICAL INSTALLATION 
POWER PLANT INSTALUTION 
FLUTTER & VIBRATION 
ANALOGUE & DIGITAL COMPUTERS 
ENGINEERING PROCEDURES & PLANNING 


ATTENTION ENGINEERING PERSONNEL 

BOX 6191, DALLAS, TEXAS 






ElVGIlMEEHIiVG 

OPPDRTUIVITIES 

with world's leading producer of 
light commercial airplanes 

for 

• Design Engineers 

• Design Draftsmen 

• Research Engineers 

Send Resume to 
CESSNA AIRCRAFT CO. 
ENGINEERING PERSONNEL 
WICHITA, KANSAS 

FUlURf HELICOPTER PASSENGER 
PROGRAM HAS OPENINGS FOR 

LOS ANGELES AIRWATS. INC. 


AVIATION WEEK, 


17 , 1«3 


SEARCHLIGHT SECTION 


DESIGN 

RESEARCH 

DEVELOPMENT 


key words to your employment opportunities at GOODYEAR AIRCRAFT . . . 
pioneer and leader in lighter-thon-oir croft ... on established and growing 
company building an outstanding technical reputation 


DESIGN ENGINEERING opportunities exist in the fields of airships, air- 
planes, and components, airframes, power-plant instollations, controls, hy- 
draulics, electronics systems, fuel cells, canopies, and wheels and brakes 

DEVELOPMENT of missiles, jet aircroft, and helicopters, electric and elec- 
tronics system, servomechanisms, fiber resin laminates, and mony other 
projects present an urgent need for capable engineers 

WELDING ENGINEERS, civil engineers, mechanical engineers with ability 
in metals fabrication, and industrial engineers experienced in time study 
ore needed. Job opportunities also exist for technical editors and illusirotors 

POSITIONS ore open ot several levels, and Inquiries are also invited from 
recent graduates. Salaries are based on education, ability, ond experience 

PAID VACATIONS, free group life insurance, a good hospitalization plon, 
paid sick leave, company-sponsored pension plan, planned recreation, and 
free parking are among the facilities ot the plant 


A FRIENDLY CITY, Akron, Ohio, is located in the center of the midwestern 
industrial region 







SEARCHLIGHT SECTION 






'Ti'ie'iir' 

REFUELING, Inc. 

pSfS’iilSJI 

AIRCRAFT INSTRUMENTS 

nmmmmi 

design, production, or repoir. This 
is 0 new^ position in o^progressive, 



DRTTmC UCMnDMI IM«TITIITC 

till: 

r“..S t'oTi. 


• SKILLED 

: PILOTS 

Slgii 

1 '“issst”" . 
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SEARCHLIGHT SECTION 


Model 049 

CONSTELLATION 

For sale by Owner 

Formerly in BOAC Service 
Overseas Interior and Radio 


1655 Hrs. Since Major Overhaul and Tank Reseal 
By Lockheed Air Craft Service 

R-3350 BA3 Fuel Injected Engines 
#1 899:51 hrs. #3 700:45 hrs. #2 825:41 hrs. 
#4 Zero 


This is a Straight Model 049, Not a Converted C-69 

Coll - Write or Wire BEST OFFER 

KIRK KERKORIAN 

LOS ANGELES AIR SERVICE 

Municipal Airport Osborne 6-Q4II Hawthorne, Calilomio 


D-18-S TWIN BEECH 

T... 


D-18-S TWIN BEECH 




FOR SALE 

DOUGLAS C-47 

P&W 1830-92 ENGINES 

ZERO TIME SINCE MAJOR O.H. 


CAU OR WIRC 

LEEWARD AERONAUTICAL 


AIRPLANE 
ENGINE HOISTS 

Model A-2A, 

Capacity 3000 Lbs. 
Portable. 

Suitable for other uses. 

Send tor Booklet 
The Vimalert Company, Ltd. 

807 Carfield Avenue 
Jersey City S, N. J. 


TWIN BEECHCRAFTS 

^odestar’ executivk^ 

WINGS, INC., AMBL», pX 


CURTISS PROPELLERS 
C632S-B52 

COMPLETE SELECTION BRAND NEW 
Spore Ports Available 
FOR SALE 

BRAND NEW 
CURTISS TYPE144-C2-0 
BLADES AVAILABLE 

SCANDINAVIAN AIRLINES SYSTEM 


Griplsjhc. 

HYDRO-WYPE SCRAPER RINGS 



LOCKHEED 12-A 


• Cenlet Sectien lor C.47B Repeiiible 
■ Rifbt HoruooliJ Slebiliser (or C.47 

• I— C.47 Fuselege-Repursbie 

METEOR AIR TRANSPORT INC. 


AVIATION WEEK, As 


17, 19S3 


SEARCHLIGHT SECTION 



AVIATION 


17, 1953 


Write for Catalog NE100 



ADVERTISERS INDEX 


AVIATION WEEK -AVGLST 17, 1953 




ONE THOUSAND G’s SHOCK! 


REMARKABLE STRENGTH HAS BEEN BUILT INTO THE C.G.S. 
LABORATmUES MINIATURIZED S-BAND CAVITY OSCILUTORS. RUGGED 
ENOUGH TO V/ITHSTAND THE SMASHING IMPACT OF OVER ONE 
^THOUSAND G’S AND YET RELIABLY PRECISE IN OPERATION. 


WEIGHT 8 OZ. 



C.G.S. lABORATOHIES FACILITIES ARE AVAILABLE FOR RESEARCH AND 
DEVELOPMENT OF SIMIUR EQUIPMENTS ON OTHER FREQUENCIES. 
WRITE FOR CAVITY DATA AND MICROWAVE CAVITY INQUIRY FORM TO DETAIL 
YOUR SPECIFIC REQUIREMENTS. 


IDUCTOR' CONTROLLABLE INDUCTORS 


G.O.S. 

LAIUIKATOIUES 


INSTRUMENTATION - SYSTEMS ENGINEERING 


44S 
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FOOTE BROs|.|s|^^i THEM BOTH 
WITH GEARING 

IEl|il^lN!lf:|li DRIVES 


AND ME 


1^1 


Frorrif swift McQ&Bi!|^t EfaWhee*, with its amazjii 
record of fighter pe»fefr|iar|i^--fn 0 m the revolutiontfjj j 
Bo^g B -47 that recetjtlyi Atlantic in 5 I 

22 nlijutes, breaking tlj 4 frbiiwtjantic speed recorill^' i 
to thjet giant Boeing tl^ ^west and might|^ i 

Air fiofce defense beR)^«i»«t-,'Foote Bros, serves WidW 1 
oil. Gears and mechanic 6 l drives rugged in design ^i^ i 
construction, jewel-like inp precision, all designed t^ Rt J 
a cORfibed space envelOfiie-e'lRese are providing bertpr) 
performance, greater simplified operation, j | 


ii 


McDONNEU iHf 


BOEING B-47 


BOEING B-52 


THIS TRADE MARK 
STANDS FOR 
THE FINEST IN 
INDUSTRIAL GEARING 


FCDTE BROS. 


■K MCG. TAADCMARK 


FOOTE BROS. GEAR AKD MACHINE CORPORATION ■ 4545 SOUTH WESTERN BOULEVARD • CHICAGO 9, ILLINOIS 


